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Abstract 
Although many of the genes and pathways involved in Drosophila 
embryogenesis have been thoroughly investigated, a complete understanding of the 
mechanisms behind these processes is still lacking. In order to gain a better 
perspective, the main objective of current research is to identify additional 
components of the signaling pathways that are crucial for normal Drosophila 
development. 
One such developmental process is germ band retraction, which occurs in 
mid-embryogenesis and consists of the movement of the tail end of the germ band, or 
embryo proper, to its final posterior position. One of our primary objectives is to 
identify the signaling pathways behind this process. To this end, we investigated the 
7T2 mutant, which fails to retract. This zygotic lethal mutant was originally 
uncovered in a screen for maternal-effect U-shaped embryonic phenotypes. Using a 
combination of meiotic recombination with molecularly mapped P-element 
insertions and complementation tests with deficiencies, we mapped the 7T2 mutant 
to the chromosomal region containing the gene pellino. Here, we show that both 
pellino mRNA and Pellino protein are missing in the 7T2 mutant tissue, indicating 
that 7T2 is a loss of function allele of pellino. 
Further characterization of the 7T2 mutant revealed three distinct 
phenotypes: germ band retraction defects, twisted germ bands and head defects. 
Based on these observations, we propose that pellino is involved in several biological 
processes during early Drosophila development. Here we show that pellino is 
involved in the JNK pathway through genetic interaction with hemipterous, an 
upstream member of the JNK pathway. In addition, we provide preliminary evidence 
suggesting that the expression of Twist, a protein induced by the Toll pathway, is 
affected in the absence of pellino, suggesting a role for pellino in dorsal-ventral 
pattern formation. 
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Résumé 
Bien que la plupart des gènes et des voies impliqués dans l'embryogenèse de 
la Drosophile ont été étudiés en profondeur, la compréhension des mécanismes 
associés à ces processus n'est pas encore parfaite. Afin d'améliorer ces 
connaissances, l'objectif principal de cette recherche fut d'identifier les principales 
étapes des voies biologiques permettant le développement normal de la Drosophile. 
Un des processus du développement est la rétraction des bandes germinales, 
qui se produit au milieu de l'embryogenèse et consiste à la rétraction de l'extrémité 
caudale de l'embryon jusqu'à sa position postérieure finale. Un de nos objectifs 
primaires est d'identifier les vois de signalisation ayant une influence sur ce 
processus. Dans ce but, nous avons utilisé le mutant 7T2 dont l'expression se 
caractérise par l'échec de la rétraction des bandes germinales. Découvert par un 
criblage génétique visant les gènes maternels ayant un phénotype embryonnaire en 
U, 7T2 est un gène zygotique dont la mutation est létale. En utilisant une 
recombinaison meiotique, avec insertion d'un P-élément moléculairement tracé et 
des tests de complémentation avec insuffisances, le mutant 7T2 a été cartographié et 
localisé sur le domaine pellino. Ici nous montrons que le mRNA et la protéine issus 
de Pellino sont absents des tissus résultant de l'expression du mutant 7T2, indiquant 
que cette mutation résulte en une perte de fonction de l'allèle de pellino. 
En outre, le mutant 7T2 montre trois phénotypes distinctifs: le phénotype de 
la rétraction des bandes germinales, le phénotype de l'absence de tête et celui de 
l'embryon tordu. Nous proposons ainsi que pellino soit impliqué dans plusieurs 
processus biologiques pendant le développement de la Drosophile. Dans cette étude 
nous montrons que pellino est impliqué dans la voie de JNK par son interaction 
génétique avec hemipterous, une kinase impliquée dans la voie de JNK. De plus, les 
résultats préliminaires indiquent que l'expression de Twist, impliquée dans la voie de 
Toll est affectée en l'absence de pellino ce qui suggère son rôle important dans la 
détermination de la polarité dorso-ventrale chez la Drosophile. 
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1 INTRODUCTION 
During epithelial morphogenesis, cells employa number ofmechanisms such 
as movement, shape changes, proliferation, and programmed death to sculpt tissues. 
Among these processes, cell shape changes and movements play a prominent role, 
and are used widely and repeatedly during animal development. In Drosophila, three 
large-scale epithelial movements, gastrulation, germ band extension and dorsal 
closure, have been extensively investigated. 
At mid-blastula transition, gastrulation begins by segregating tissue into the 
prospective mesoderm, endoderm and ectoderm (Costa et al., 1993). At the end of 
gastrulation, these three different layers form from a single epithelium. Another 
major morphogenetic event in the embryo is germ band extension. Germ band cells 
carry out this extension through a series of large scale rearrangements with the 
respect to their neighboring cells. As a result, the germ band elongates (Costa et al., 
1993). 
Immediately after germ band extension, dorsal dosure is initiated. During the 
early stages of embryonic development, the dorsal part of the embryo is occupied by 
the amnioserosa; a squamous epithelium. The process of dorsal dosure consists of the 
morphogenic movement of the epidermis, whereby the amnioserosa is replaced on the 
dorsal side of the embryo (Young et al., 1993; Knust, 1996). This event is driven by 
the concerted spreading of the epidermal cells towards the dorsal midline. As 
embryogenesis progresses, the amnioserosa becomes covered by these elongated' 
epidermal cells. Once the two contralateral epidermal cell layers reach the dorsal 
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midline, they fuse in order to complete the process of dorsal dosure. As a result, the 
mature embryo is endosed in a continuous protective epidermis. 
F ollowing germ band extension and prior to dorsal dosure, another large-
scale epithelial movement occurs: germ band retraction. It occurs in mid-
embryogenesis, and takes approximately 2 hours. It is characterized by movement of 
the tail end of the germ band to its final posterior position. At the end of this process, 
the amnioserosa has spread out and· covers the yolk sac on the dorsal side of the 
embryo. Investigation of germ band retraction has shown that the amnioserosa and 
the germ band move as one coherent sheet. During this process, amnioserosa cells 
undergo a dramatic shortening along their dorsal-ventral axis. In addition, the 
amnioserosa extends sheet-like protrusions called lamellipodia (Fig. 1), and it has 
been shown that formation of lamellipodia depends on integrin-mediated adhesion 
(Schoeck and Perrimon, 2003). 
1.1 Role of Integrins in Germ Band Retraction 
Integrins are transmembrane heterodimers consisting of a and P subunits. 
They are cell surface receptors that bind to extracellular matrix components, such as 
laminins (Roote and Zusman, 1995). The cytoplasmic domain of the p subunit 
interacts with specifie intracellular components, such as talin, focal adhesion kinase 
(F AK), and a-actinin (Shouchun et al., 2000). In addition, integrin was found to be 
essential for adhesion between the germ band and amnioserosa. In fact, p integrin 
null mutants show a phenotype that is characterized by absent or smalllamellipodia, 
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which can no longer adhere to the underlying extracellular matrix. Consequently, the 
arnnioserosa no longer overlaps the tail end of the gerrn band, which may cause gerrn 
band retraction to fail (Schoeck and Perrimon, 2002, 2003). 
Although epithelial cell movement has been investigated extensive1y, a 
complete understanding of the mechanism behind it still remains undefined. In order 
to gain a better perspective on the cell migration of the arnnioserosa during gerrn 
band retraction, the main objective of recent research has been to identify genes that 
act downstrearn or upstrearn of integrin. One pathway in particular that can switch on 
integrins, at least during dorsal c1osure, is the JNK pathway. 
1.2 Role of integrins during Dorsal Closure 
Integrins mediate controlled adhesion to the extracellular matrix, and in this 
manner contribute to the regulation of cellular movement. As described earlier, 
integrins are involved in the gerrn band retraction process. However, recent studies 
reveal that they also play an important role in other morphogenic processes such as 
dorsal c1osure. During this event, two epithelial sheets fuse together (also known as 
zipping) in order to enclose the mature embryo. Embryos lacking myospheroid 
(mys), the gene encoding PPS integrin, fail to complete the zipping process (Hutson 
et al., 2003). 
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Figure 1 Cartoon of germ band retraction 
(upper row, lateral view; lower row, sagittal view). During retraction, the tail end of the 
germ band (marked by a star) moves to its final posterior position and the amnioserosa 
covers the dorsal side of the embryo. Due to the' formation of lamellipodia, the 
amnioserosa overlaps the tail end of the germ band slightly as shown in the section. 
Grey, germ band; blue, amnioserosa; dark blue, individu al amnioserosa cells; green, 
lamellipodia; yellow, yolk sac. 
It was recently shown that integrin levels are regulated by the Jun arnino-
terminal kinase (JNK) pathway (Homsy et al., 2006). Ectopic activation of the JNK 
signaling pathway results in increased expression of mys. Furthermore, in JNK 
mutants, integrin expression is reduced at the leading edge of the germ band, while 
its levels in the arnnioserosa and at muscle attachment sites remain unchanged. These 
results suggest that the JNK signaling pathway is required for inducing expression of 
mys in the tissues specifically involved in the dorsal closure process (Homsy et al., 
2006). 
It is not known whether or not integrin expression is switched on by JNK 
signaling during germ band retraction. However, it is intriguing that Jun and Fos, 
two members of the JNK pathway, localize to the nucleus of amnioserosa cells, but 
are not found in the nuclei of leading edge cells during germ band retraction (Reed et 
al., 2001). Furthermore, strong maternaI and zygotic loss of function alleles of JNK 
pathway members show germ band retraction defects (Bellotto et al., 2002). These 
data also implicate the JNK pathway in germ band retraction, although its role in 
dorsal closure is much better understood. 
1.3 The JNK pathway during Dorsal Closure 
The initial step of dorsal closure is marked by the differentiation of a row of 
cells within each lateral epithelium. This single row of cells in the Drosophila 
embryonic epidermis is called the leading edge and marks the. boundary between two 
fields of cells: the arnnioserosa and the dorsal ectoderm. The cells of the leading 
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edge are the site of JNK activity during dorsal closure (Noselli, 1998). Therefore, 
leading edge cells play a crucial role in the morphogenic process of dorsal closure 
and eventually form the dorsal midline of the embryo (Stronach and Perrimon, 
2002). 
The JNK pathway is best viewed as a linear cascade comprised of the 
following genes (Fig. 2): slipper (encoding Slpr), hemipterous (encoding Hep, a 
JNKK), basket (encoding Bsk, a JNK) jra and kayak (encoding Jun and Fos) 
(Stronach and Perrimon, 2002; Glise et al., 1995; Sluss et al., 1996; Kockel et al., 
. 1998). When mutated, these genes lead to dorsal open phenotype reflecting a failure 
of the lateral ectoderm to move dorsally. In vitro studies show that the Hemipterous 
protein can phosphorylate Basket, which in turn activates Jun by phosphorylation 
(Glise et al., 1997; Sluss et al., 1997). In order to activate the transcription oftarget 
genes, Jun first dimerizes through its leucine zipper domain with Fos. This results in 
formation of the activator protein 1 (AP-l) heterodimer, which acts as a positive 
regulator binding to specific enhancer elements and initiating the transcriptional 
activation of appropriate target genes such as puekered (pue) and deeapentaplegie 
(dpp) (Zeitlinger et al., 1997). Therefore, during dorsal closure, expression of dpp 
and pue in the cells of the leading edge is controlled by the JNK pathway and AP-l. 
In the absence of dpp, epithelial cells can no longer elongate, and the mature embryo 
fails to enclose dorsally. Mutations that disrupt any of these genes disturb JNK 
signaling, causing dorsal closure failure and thus, embryonic lethality (Glise et al., 
1995; Riesgo-Escovar and Hafen 1997; Sluss et al., 1996; Stronach and Perrimon, 
2002). 
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Figure 2 Schematic outline of connection between the ToU and JNK pathway in 
Drosophila 
Two pathways are shown here; the JNK pathway during Dorsal closure and the ToU 
pathway in early Drosophila development. The Drosophila members of these two 
pathways are outlined in blue, while their homologues in mammals are outlined in red. 
The dashed ,arrows indicate a propos~d connection between the JNK and ToU pathway 
involving Pellino. 
More recently, new upstream components have been identified. Slipper is a 
member of the mixed lineage kinase (MLK) family. Biochemical analysis in cell 
culture shows that Slipper directly phosphorylates Hep. This data, along with the 
genetic evidence, supports the placement of Slipper in the JNK signaling pathway 
upstream of Hep (Stronach and Perrimon, 2002; Sathyanarayana et al., 2003). 
. Another upstream kinase, a MAPKKK, is also implicated in dorsal dosure. It 
was found that this kinase is activated by TGF-/3 signaling and thus was named TAK 
(TGF-/3 activated kinase encoded by dTAK) (Yamaguchi et al., 1995). Nevertheless, 
this novel protein can activate the JNK pathway in gain of function studies in 
Drosophila (Takatsu et al., 2000; Mihaly et al., 2001). However, genetic and RNAi 
loss of function studies indicate that dTAK does not display a failure in dorsal dosure 
(Mihaly et al., 2001). In contrast to other members of the JNK pathway, dTAK 
mutants are homozygous viable and fertile (Vidal et al., 2001). Since it has only been 
shown that expression of dpp and pue is stimulated in the dTAK overexpression 
assays, it is believed that this novel kinase is either partially redundant or plays a 
negligible role in the JNK-mediated process of dorsal dosure. Although it has not 
yet been established whether TAK activates the JNK pathway, this kinase was found 
to play a role in additional pathways; during the immune response, T AK was shown 
to activate NFKB (Vidal et al., 2001). NFKB also plays a crucial role in the ToU 
pathway, mediating dorsal-ventral axis formation during Drosophila development. 
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1.4 Dorsal-Ventral patterning in the Drosophila embryo 
The establishment of the dorsal-ventral pattern in Drosophila depends on the 
Toll pathway, which is controlled by twelve maternal-effect genes (Anderson and 
Nusslein-Volhard, 1984). The cascade itself is triggered on the ventral side, where 
binding of the extracellular ligand Spatzle to the Toll receptor initiates an entire 
cascade of events resulting in activation of genes responsible for ventral cell fate 
(Fig. 2). Toll is a receptor protein with a single transmembrane domain, whose 
activation triggers a cytoplasmic signaling pathway involving MyD88, Tube, Pelle 
and Cactus, which ultimately controls activity of the transcription factor Dorsal. 
Downstream of Toll is the cytoplasmic protein MyD88. Drosophila MyD88 
is an adaptor protein that associates not only with the Toll receptor, but also with 
another downstream component of the pathway, Pelle (Horng and Medzhitov, 2001). 
Pelle is a cytoplasmic serine-threonine kinase (Shelton and Wasserman, 1993) that 
was initially thought to be responsible for phosphorylation of Cactus and Dorsal. 
However, bacterially produced Pelle is an active kinase that has no effect on 
phosphorylation of either of those two proteins. Instead, it was found that Pelle 
phosphorylates itself (autophosphorylation), and its upstream regulator Tube 
(Grosshans et al., 1994). Tube is a 462-amino acid prote in ofunknown biochemical 
activity. It was found that this novel protein is highly enriched in regions near the 
plasma membrane (Galindo et al., 1995), where it might be involved in mediating 
Toll signaling. Furthermore, genetic interactions and the yeast two-hybrid assay 
suggest that these two proteins, Pelle and Tube, interact in vivo. However, the exact 
biochemical mechanism remains unclear. 
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Another important component of this pathway is Cactus. Currently there is no 
data supporting a direct interaction between Cactus and Pelle. However, it is weIl 
established that this cytoplasmic prote in is found downstream of Pelle and behaves 
as a negative regulator of Dorsal. Through its ankyrin domain, Cactus interacts with 
Dorsal, and the two proteins are stably bound to each other (Kidd, 1992). This 
prote in complex is initially found in the cytoplasm of the embryo. However, 
following the activation of the Toll pathway, the Dorsal-Cactus protein complex is 
disassembled on the ventral side of the embryo allowing the translocation of the 
Dorsal protein from the cytoplasm to the nuclei on the ventral side of the embryo. As 
a result, a nuclear gradient of Dorsal arises with the protein most concentrated in the 
ventral nuclei of the embryo, but absent from nuclei on the dorsal side of the embryo. 
It is this gradient of Dorsallocalization that leads to the establishment of the dorsal-
ventral axis in the embryo (Roth et al., 1989). 
Dorsal is a dimer composed of two subunits, p50 and p65. Once in the 
nucleus, it binds to DNA and acts as a transcription factor in order to define region-
specifie expression in the embryo. Dorsal activates the transcription of particular 
ventrally required genes, including twist, snail and rhomboid (Pan et al., 1991; 
Thisse et al., 1991; Ip et al., 1992, Jiang et al., 1992). The twist and snail genes are 
activated by high concentrations of nuclear Dorsal protein found near the ventral 
midline of the embryo (Jiang and Levine, 1993). Activation of these genes allows the 
cells to adopt a ventral fate and to give rise to the mesoderm (Lohs-Schardin et al., 
1979). 
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Activation of the Ton signaling cascade does not only regulate Dorsal 
localization in the nucleus, but also induces the degradation of Cactus. Binding of 
Spatzle to the Ton receptor results in activation of a signaling cascade that eventually 
induces dissociation of Dorsal-Cactus complex (Belvin et al., 1995). However, the 
question still remains as to whether Cactus is degraded before Dorsal-Cactus 
complex dissociation, and therefore Cactus is directly responsible for release of 
Dorsal, or Cactus is only degraded after complex dissociation. 
The genes that specify components of the ToU signaling pathway were 
identified because of their distinctive phenotype, namely dorsalization of the 
embryo. In the wild type embryo, cens with activated Ton signalingwill adopt a 
ventral fate, allowing establishment of dorsal-ventral polarity during early 
development. In contrast, females that lack activity in any of these eleven genes 
produce a dorsalized embryo. In this case, the cens at aU embryonic positions give 
rise to dorsal ectoderm and thus produce an embryo that lacks ventral structures 
(Anderson and Nusslein-Volhard, 1984). Furthermore, in embryos with an inhibited 
ToU signaling pathway, the Dorsal-Cactus complex remains intact on the ventral si de 
ofthe embryo. Therefore, Dorsal translocation to the nucleus fails to occur, resulting 
in no transcriptionalactivation of twist and snail. Consequentially, these embryos 
also exhibit a failure of gastrulation tesulting in a twisted phenotype (Nusslein-
Volhard etaI., 1984). 
Although the Toll pathway was discovered for its role in dorsal-ventral 
polarity during embryogenesis, it also plays a role in the innate immune response of 
the adult fruit fly (Ip and Levine, 1994). 
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1.5 The innate immune response 
The Toll pathway in Drosophila is a conserved signaling pathway also found 
in mammals, where it exists as the IL-1RfNFKB pathway. The IL-1 signaling 
cascade represents a highly conserved response to pathogens with homologs found 
even in plants. The signaling cascade is triggered in the presence of either 
lipopolysaccharide (LPS), the principal membrane component of Gram-negative 
bacteria (Ulmer at al., 2002, Takada et al., 1989), or Interleukin-1 (lL-1), a pro-
inflammatory cytokine. In either case, both ligands trigger an innate immune 
response (Daun and Fenton, 2000). 
The mechanism behind the signal transduction cascade is the same whether it 
is triggered by IL-1 or by lipopolysaccharide. The ligand initially binds to the IL-1 
receptor (IL-IR); a member of the Toll-like receptor (TLR) family (Daun and 
Fenton, 2000). The signaling cascade is initiated through complex formation 
between ligand and receptor. It has been found that formation of this IL-lilL-IR 
complex causes the intracellular adaptor molecule MyD88 to be recruited to the 
complex, which in tum facilitates the association of the serine/threonine kinase, IL-1 
receptor-associated kinase (IRAK). Furthermore, it was previously reported that 
IRAK coimmunoprecipitates with activated interleukin-1 receptor (M. Martin et al., 
1994; Croston et al., 1995), confirming that IRAK is part ofthis IL-1IIL-1R1MyD88 
receptor complex (Complex 1). Amongst all of the animal kinases, IRAK is most 
closely related to Pelle in its primary sequence and it is thereby considered to be a 
human homolog of Drosophila Pelle. 
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Once IRAK is hyperphosphorylated, it mediates the recruitment of the TNF 
receptor-associated factor-6 (TRAF6) to the receptor complex. Together, IRAK and 
TRAF6 then dissociate from the receptor complex, while remaining at the membrane 
(Jiang et al., 2002). TRAF6 activates two pathways, one leading to NFKB activation 
and another leading to JNK activation. The TRAF6 associated protein ECSIT 
(Evolutionarily Conserved Signaling Intermediate in the Toll pathway) leads to c-Jun 
activation through the Map kinase/JNK signaling system (Kopp et al., 1999). TRAF6 
also signaIs through the TAB2/TAKI kinases to trigger the degradation of IKB, and 
activation of NFKB. Previous studies have demonstrated that the TAK1-associated 
protein TAB2 interacts with TRAF6 resulting in a TRAF6-TAB2-TAK1 complex. 
Upon IL-1 stimulation, TAB2 translocates to the cytosol where it acts as an adaptor 
linking TAK1 and TRAF6 and thereby mediating the activation of TAK1 (Takaesu 
et al., 2000). Furthermore, it has recently been shown that in response to IL-1, IRAK 
activates TAK1 and plays a crucial role in the formation of the TRAF6-TAB2-TAK1 
complex (Takaesu et al., 2001). Recently, it has been reported that IRAK itself 
becomes a part of the complex, often referred to as Complex II (Jiang et al., 2002). 
TRAF6-TAB2-TAK1 then form Complex III, that migrates to the cytosol while 
IRAK remains at the membrane, where it is targeted for proteasomal degradation 
(Yamin and Miller, 1997). Once in the cytoplasm, Complex III promotes the 
downstream activation ofNFKB (Qian et al., 2001). 
Dorsal and NFKB are homologous transcription factors of the Rel family that 
are activated in response to the binding of extracellular ligands to the homologous 
transmembrane receptors, Drosophila Ton and mammalian IL-IR. Like Dorsal, 
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NFKB is a dimer of p50 and p62 (Re1A) subunits (Siebenlist et al., 1994). 
Biochemical data indicate that NFKB functions in the same manner as Dorsal. It 
forms a cytoplasmic complex with IKB, a mammalian homologue of Drosophila 
Cactus (Haskill et al., 1991). Furthermore, NFKB contains a nuclear localization 
sequence that is masked by the binding of IKB (Ganchi et al., 1992). Therefore, as 
observed in the Toll pathway, binding of IKB to NFKB through the ankyrin repeats 
(Hatada et al., 1993; Jaffray et al., 1995) keeps NK-FB in the cytoplasm in an 
inactive form. 
Several groups have shown that IKB is rapidly degraded after stimulation of 
responsive celllines with IL-l, and that IKB degradation corre1ates with activation of 
NFKB (Beg et al., 1993; Henkel et al., 1993; Miyamoto et al., 1994). Furthermore, 
prior to its degradation, IKB is transiently phosphorylated. Although this 
phosphorylation event is not sufficient to release NFKB from the complex, 
phosphorylation of IKB appears to be necessary to target the protein for degradation 
(Traencker et al., 1994). This property seems to be unique to IKB. In contrast, a 
signal-dependent phosphorylation of Cactus has not been observed (Whalen and 
Steward, 1993; Belvin et al., 1995). In any case, it is through proteolysis of 1 KB that 
NFKB is released from the complex. Once liberated, NFKB translocates to the 
nucleus where it activates transcription of specific target genes. Studies of cultured 
mammalian celllines have implicated NFKB in a variety of functions in the immune 
system, including response to inflammatory cytokines, B and T cell proliferation,. 
and B celI maturation (Siebenlist et al., 1994). 
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A biological process common to Drosophila and manimals is the innate 
immune response; the rapid, nonspecific response to pathogens that leads to the 
production of antimicrobial peptides and cytokines. This apparent conservation of 
function is reinforced further by data showing that resistance to pathogens in plants 
also involves proteins that are homologous to components of this pathway in 
Drosophila (Staskawicz et al., 1995). 
The first event in the innate immune response in mammals is the activation of 
macrophages, which engulf invading pathogens and secrete cytokines that activate 
other aspects of the immune response (Sipe, 1985). The initial activation of 
macrophages by bacterial lipopolysaccharide triggers activation of NFKB, which in 
turn acts to transcribe several inflammatory mediators, like cytokines or nitric oxides 
(Matsusaka et al., 1993). The most common cytokine is IL-8. 
Recently, another member of the Toll pathway has been identified. In a yeast 
two-hybrid screen, a novel protein was found to be a binding partner of Pelle. 
Consequentially, this novel protein was named Pellino (Grosshans et al., 1999). 
Pellino is a 424 amino acid protein that is expressed at all stages of development. 
According to these findings, Pellino is not phosphorylated by Pelle. However, it is 
only capable ofbinding to the phosphorylated form of Pelle (Grosshans et al., 1999). 
Its biochemical and functional role in dorsal-ventral patteming in Drosophila still 
remains to be elucidated. 
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1.6 Pellino in Mammals 
The homology of the Toll/Dorsal and the IL-IR1NFKB pathways has 
motivated the search for other homologous proteins cornrpon to mammals and 
Drosophila. As previously mentioned, when Pelle was used as bait in a yeast two-
hybrid screen, another Pelle-interacting prote in named Pellino was identified 
(Gros shans et al., 1999). Sequence homology analysis revealed that the protein with 
the most similarity to Drosophila Pellino is the mouse homolog Pellino-2 with 53% 
amino acid similarity (Yu et al., 2002). In addition, two more proteins, Pellino-l and 
Pellino-3, have also been identified as mammalian homologs of Drosophila Pellino 
(Jiang et al., 2003; Jensen and Whitehead, 2003). 
The endogenous pattern of mouse Pellino-2 expression was determined by 
Northern blot. Pellino-2 is readily detected in the developing mouse embryo. In the 
adult mouse, however, pellino is detected mainly in the liver and skin, which are the 
predominant sites of the innate Immune response. Furthermore, co-
immunoprecipitation showed that Pellino-2 interacts with IRAK in IL-l stimulated 
cells. Although ectopic expression of Pellino-2 had no effect on NFKB activation, it 
was found that ectopic expression of an antisense Pellino-2 construct inhibits IL-l 
and lipopolysaccharide induced activation of NFKB dependent IL-8 promoter 
activity (Yu et al., 2002). In the cells where Pellino-2 activity was abolished by 
siRNA, activation of NFKB upon lipopolysaccharide treatment was reduced 
suggesting that Pellino-2 might play an important role in lipopolysaccharide induced 
activation ofNFKB (Liu et al., 2004). 
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Another group investigated the role of Pellino-l in the IL-IR! NFKB 
signaling pathway. It was found that this human homolog of Drosophila Pellino is 
expressed ubiquitously. Pellino-l was found to form a complex with endogenous 
IRAK and TRAF6. However, Pellino-l does not co-immunoprecipitate with either 
IL-IR or the TAK complex (Jiang et al., 2003). Therefore, Pellino-l is not part of the 
initial IL-I IILIR/MyD88/IRAKITRAF6 complex (Complex 1), but rather forms a 
complex with IRAK and TRAF6 after they dissociate from the membrane. These 
findings suggest a potential role for Pellino-l in releasing phosphorylated IRAK. 
A third Pellino was identified with 84% and 85% amino acid similarity to 
Pellino-l and Pellino-2, respectively. Northern blot analysis showed that Pellino-3 is 
found in numerous tissues such as brain, small intestine, kidney, liver, placenta, 
stomach, but unlike Pellino-l has not been found in muscles (Jensen and Whitehead, 
2003). The same group also investigated its functional role. It was found that Pellino-
3 co-immunoprecipitates with IRAK in IL-I stimulated cells, suggesting an 
interaction between these two proteins. Furthermore, it was also found thatPellino-3 
interacts with TRAF6 and TAKI, which suggest that Pellino-3 might be part of 
Complex II. Surprisingly, in the overexpression as say, Pellino-3 was found to have 
no effect on NFKB activation. Instead, this novel protein seems to promote c-Jun 
activation. Furthermore, III cells transfected with Pellino-3, increased 
phosphorylation of Fos has been observed. As previously mentioned, the AP-I 
subunits c-Jun and Fos are usually activated by JNK-mediated phosphorylation, 
which is itself activated by phosphorylation. Therefore, taken aIl together, these lines 
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· of evidence suggest that Pellino-3 plays a role in the activation of JNK signaling 
(Jensen and Whitehead, 2003). 
The precise biochemical role and especially the functional role of mammalian 
Pellino proteins still remains unknown. In general, the Pellino proteins are presumed 
to play an important role in establishing and maintaining the specificity of the innate 
immune response. Although aIl three human Pellino proteins exert their function by 
interacting with phosphorylated IRAK, they seem to distinctly direct the signaling 
components to the activation of different pathways such as the NFKB or JNK 
signaling. Because of the apparent lack of any functional domains or enzymatic 
activity, Pellino proteins were suggested to function primarily as scaffold proteins 
(Jiang et al., 2003; Liu et al., 2004; Jensen and Whitehead, 2003). However, the 
most recent line of evidence indicates that Pellino proteins may act as ubiquitin 
ligases. It was reported that upon binding to IRAK all three Pellino proteins become 
phosphorylated, indicafing that IRAK-mediated phosphorylation enhances the 
interaction between the two proteins. Furthermore, overexpression experiments 
indicate that Pellino-l and Pellino-2 promote polyubiquination of IRAK, targeting it 
for proteasomal degradation (Schauvliege et al., 2006). This was further reinforced 
by recent findings revealing that SMAD6, a member of the TGFf3 signaling pathway, 
, 
interacts with Pellino-l and thereby negatively regulates the IL-IR! NFKB pathway 
(Choi et al.'- 2006). Although these findings suggest that Pellino proteins act as 
ubiquitin ligases, their biological role still remains unclear. One way to assess its 
function in vivo would be to investigate its role in Drosophila development. 
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1.7 Experimental Rationale . 
1.7.1 Mapping the 7T2 mutation 
Many of the genes and pathways involved in Drosophila embryogenesis have 
been identified and weIl described. However, we stilllack a complete understanding 
of morphogenic processes such as germ band extension, dorsal closure and germ 
band retraction. In aim to identify novel components of signaling pathways that are 
crucial for normal Drosophila development, many laboratories performed large 
screens in which mutants with different defects were uncovered. More recently in 
Dr. Perrimon's laboratory, a collection of zygotic lethal mutants was generated. This 
collection was used for a screen for maternal-effect U-shaped embryonic phenotypes 
(F. Schoeck and N. Perrimon, unpublished). One of the mutants uncovered in that 
screen was the 7T2 mutant. When both the zygotic and the maternaI contributions 
were removed using the germ line clone method, the 7T2 mutant exhibits a particular 
phenotype: the amnioserosa does not adhere to the tail end of the germ band, but 
instead collapses below the tail end of the germ band causing a failure of germ band 
retraction (Fig. 3) (F. Schoeck, unpublished). 
As mentioned above, the 7T2 mutant exhibits a U -shaped phenotype, 
suggesting that the responsible gene might be involved in the process of germ band 
retraction. Therefore, the main interest of our research became to first map where the 
7T2 mutation is located and thus identify the candidate gene. 
One of the most common mapping strategies is based on single-nucleotide 
polymorphism (SNPs). SNPs are DNA sequence variations that occur when a single 
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nucleotide in the genome sequence is altered, generating a difference between 
homologous chromosomes. It is this difference that allows them to be used as 
molecular markers. Although it has been shown that SNPs are present in sufficient 
numbers in the Drosophila genome such that they can be used for mapping any gene 
(Berger et al., 2001; Martin et al., 2001; Nairz et al., 2002), this method is also very 
labor-intensive and time-consuming. Altematively, P-elements with molecularly 
defined insertion sites can also be used as mapping markers. Furthermore, since the 
massive generation of P-elements by the Berkeley Drosophila Genome, these 
transposable elements often carrying visible markers are now available on average 
every 20-30 kb. Consequently, they are more effective for mapping than SNPs. 
Zhai and his colleagues (2003) recently established a mapping technique using 
molecularly mapped P-element insertions. This strategy consists of introducing 
meiotic recombination events between the mutation and P-elements. The distance 
between the mutation and any particular P-element is proportional to the number of 
recombination events that occurred between them (described in Results). Th~ir 
findings indicate that molecularly defined P-elements are as efficient as SNPs. Not 
only do they allow easy and effective mapping of lethal mutations, but also allow the 
mapping to be carried out relatively quickly without the use of costly molecular 
biology reagents (Zhai et al., 2003). Due to the aforementioned benefits we thus 
decided to apply the molecularly mapped P-element insertion strategy to mapping 
the 7T2 mutant. The first section of this work will present the progress made towards 
identifying the candidate gene. 
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Figure 3A cuticle preparation of 7T2 mutant embryos shortly before hatching 
Above, wild type; below, a maternaI and zygotic 7T2 mutant, a typical germ band 
retraction mutant. The tail end of the embryo is folded back and cornes to lie close to the 
head (see arrow). 
1.7.2 Characterization of the 7T2 mutant 
In addition to identifYing the novel gene using the meiotic recombination strategy 
with molecularly mapped P-element insertions, we also intended to characterize it by 
exploring its potential genetic interaction with previously established members of the 
integrin-mediated adhesion and signaling pathway. 
As previously described, during germ band shortening, integrins are essential for 
adhesion between the germ band and arnnioserosa. In a PPS integrin null mutant, the 
lamellipodia ()f amnioserosa cells are absent or small and can no longer adhere to the 
underlying extracellular matrix. Consequently, the arnnioserosa no longer overlaps 
the tail end of the germ band, which leads to germ band retraction failure (Schoeck 
and Perrimon, 2003). As a result, the integrin mutants are characterized by a U-
shaped phenotype. Since the preliminary results indicated that the 7T2 mutant 
exhibits a U-shaped phenotype, we hypothesized that the 7T2 mutant might be 
involved in the process of germ band retraction. Another possibility is that 7T2 is 
involved in the JNK pathway, which is important for germ band retraction and dorsal 
closure (Bellotto et al., 2002). The second part ofthis work will address the role of 
the candidate gene in this morphogenic process. 
This work will contribute to the understanding of morphogenic events during 
early Drosophila development. It will determine how the 7T2 mutation affects those 
major processes, and what is the ultimate role of this candidate gene in early 
development. The relationship between the 7T2 mutant and its phenotype will be 
investigated while considering the possibility that the candidate gene might be 
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involved in more than one signaling pathway during early Drosophila development 
(summarized in Fig. 2). 
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2 MATERIALS AND METHODS 
2.1 Mapping the 7T2 mutation 
2.1.1 Rough ~apping using molecularly marked P-element insertions 
The Berkeley Drosûphila Genûme Group generated ~7000 P-elements with 
mûlecularly defined insertiûn sites carrying a visible white + gene and made them 
available fûr the general public. We used P-elements situated ûn the right arm ûf 
Drosûphila chrûmûsûme III, in a technique develûped by Zhai et al. (2003), tû 
perfûrm rough mapping ûf the 7T2 mutant. Virgin females, hûmûzygûus fûr P-
elements, are crossed tû males carrying the 7T2 mutatiûn. Recûmbinatiûn events 
ûccur naturally in female ûffspring (Ft) heterozygûus fûr the mutant and the p-
insertiûn-bearing chrûmûsûmes. These females are then crossed tû males 
heterozygûus fûr the mutant balanced ûver an hs-hid balancer. In ûrder tû induce 
expressiûn ûf the hid gene that results in lethality, their prûgeny is heat shûcked at 
37° C fûr 2 hûurs ûn 2 cûnsecutive days. As a result, aIl the ûffspring carrying the 
TM3, hshid Sb balancer are eliminated. Since the flies hûmûzygûus fûr the 7T2 
mutatiûn are nût viable, the ûnly remaining flies are either white eyed flies (that have 
lo.st the P-element due tû a recûmbinatiûn event) ûr red eyed flies (thûse where a 
recûmbinatiûn event did nût take place and therefûre the P-element is the sûurce ûf 
w+). Therefûre, since the P insertiûns are the ûnly sûurce ûfw+, recûmbinatiûn events 
are easily recûgnized by the white eye cûlor ûfthe progeny. White eyed and red eyed 
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flies were· carefully counted. The ratio defined by the number of flies where 
recombination events occurred, divided by the total number of flies, represents the 
'Recombination frequency' or the Recombination Distance (RD) in Centimorgans 
(cM) between P insertions and the mutation. Once the value of recombination 
distance was obtained from the collected data, Projected Molecular Distances (PMD) 
between nearby P-elements and the mutation site were calculated by using the 
following formula: 
Where 
PMD is a Projected Molecular Distance 
MD is a Molecular Distance between P-element 1 and P-element 2 
RD} is a Recombination Distance ofP-element 1 
RD2 is a Recombination Distance of P-element 2 
The obtained PMD value is then used for calculating the Projected Molecular 
Position (PMP, in bp units) of the mutation itselfusing the following formula: 
PMP = PMD + Chromosomallocation of P-element 1 
This value serves as a guide for narrowing down the exact location of the mutation 
site. 
2.1.2 Fine mapping using a complementation test with deficiencies 
The 7T2 virgins were crossed to males carrying a deficiency, which is a small 
chromosomal deletion. The next generation can consist of three phenotypically 
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distinct fly groups: [1] 7T2/deficiency (33.3%), [2] 7T2/balancer (33.3%), [3] 
deficiency/balancer (33.3%), and balancer/balancer (lethal, 0%). They were collected 
and scored for the presence or absence of flies carrying a deficiency and the 
mutation, i.e group [1]. These particular flies are easily distinguished from the other 
two groups by their absence of a marker (wild type looking flies). If these flies are 
present in the progeny in the expected ratio (33.3%), then .we conclude that the 
deficiency complements the mutation. Converse1y, if none of these flies are present 
in the FI population, then we conclude that the deficiency fails to complement the 
mutation. 
2.2 Sequencing ofpellino in the 7T2 mutant 
2.2.1 DNA isolation: Genomic Preparation 
Around 30 anesthetized flies, or 100 embryos are ground first in 400 /lI of 
Buffer A (100 mM Tris-Cl pH 7.5, 100 mM EDTA, 100 mM NaCI, 0.5% SDS) and 
then incubated at 65°C for 30 min. 800 /lI of Buffer B (5 M Potassium Acetate, 6 M 
LiCI) is added to the sample, and the sample is then incubated for 2 h on ice. 
F ollowing a 15 min centrifugation step, supematant is transferred into a new micro-
centrifuge tube. Genomic DNA is precipitated using isopropanol, and is rinsed twice 
with 70% ethanol in order to remove any impurities (Drosophila Protocols, CSHL 
Press). 
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2.2.2 Polymerase Chain Reaction 
PCR pnmers were produced by Alpha DNA (Montreal, Queb.ec). The 
following sets of primers were used for PCR amplification of 8 fragments of 
genomic DNA sequences, which comprise the pellino locus: 
5'UTR region (Exon 1) 
5'- GGAAAACGAAAACCGACCGTG -3' 
5'- CTCATCCGCACAAAGAA TCT AAGG -3' 
5'- AAAAACCACCGCCCGCAT AACC -3' 
5'- AAAGTGATGGAGACGCAGCAGGAG -3' 
For Exon 2: 
5' -CGCAAAGAAAGTGGAAAAGC-3' 
5' -TCTGCTTT ATGGAGCGTTGA-3' 
For Exon 3 
5' -CCATITTCAGGCATTGTGTG-3' 
5' -CCACCGTCTTCAGCCAGTAT-3 
5' -TCCATTTTCACTTGCAGCAC-3' 
5'-AGCAGCAAACTCTGCCGTAT-3' 
5'-GGCGATGGTCATGATAAACC-3' 
• 5'-AGCAGCAAACTCTGCCGTAT-3' 
5'- TITGTTTGGTTCCCCCCTGC -3' 
5'- AGTCGCACTTTGGCTGTGAGTC -3' 
5' -AGCAAACAGTGAGGCAGACGAG-3' 
5'-CGGTGGGTATTTTAGGTGTGCG-3' 
5' -TCTCCCATACTGGCTGAAGACG-3' 
5'-ATGAACCATCAACTTTCCGTGC-3' 
5' -GCCACTGAGATGTTGGAAA TGAG-3' 
5' -T AAGCAGCGGA TTGGATGGAGC-3' 
5' -TCTCCCATACTGGCTGAAGACG-3' 
5' -AGTCGCACTTTGGCTGTGAGTC-3' 
5' -GCTACTTGTTTTGTTTGGTTCCCC-3' 
5' -TICGGTTTGGCTGGTGTTGG-3' 
5' -TGAGCCACTGAGATGTTGGA-3' 
5' -TI AGCATACTGGGCGCTCTT -3' 
For Exons 4 and 5 
5' -CTIGACCCACAAAACCGAAC-3' 
5'TGTGCTCTGCAT AACCTTGG-3' 
For Exons 5, 6 and 7 
5'-ATCAGTCTGGCCAGCAAAGT-3' 
5'-CGCCGCAGAGATCAATAAGT-3' 
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For Exons 6, 7; 8 and 9 
5'-CCAACGGTGTGCTGATTATG-3' 
5'-TTTTTCAGTCGCCATGTGTC-3' 
For exons 9 and 10 
5' -GATTGGGGTCAGGATGAGAA-3' 
5' - AATGCCTGCTTCAAACTTGG-3' 
The pellino transcript consists of 3026 bp, and the above primers amplified 
2662 bp of that total sequence. Each pair of primers amplified a fragment 
approximately 600 bp long, which included a corresponding exon and its flanking 
regions. 
PCR amplification was performed using a Biometra T -Personal Thermal 
Cycler (Biometra Goettingen, Germany). PCR fragments were amplified from 7T2 
homozygous DNA as well as flies of the genotype FRT82B, which represents the 
parental chromosome in which the 7T2 mutation was generated. Homozygous 7T2 
DNA was obtained by collecting embryos laid by females from a 7T2(10)/TM3, twi-
GAL4 UAS-GFP stock. Embryos were examined under a Leica fluorescence 
stereomicroscope for the presence of the green fluorescent protein (GFP), ensuring 
that only the embryos that had begun gastrulation were examined to allow for the 
initiation of GFP expression. Only embryos that did not fluoresce were used for 
DNA isolation, thereby ensuring that there would be no contaminating balancer 
DNA. 
PCR fragments were gel purified usmg a QIAquick Gel Extraction Kit 
(QIAGEN Inc., Mississauga, Ontario) and sent to the Mc Gill University and 
Genome Quebec Innovation Centre (Montreal, Quebec) for sequencing from both 
ends of each fragment. The control and the 7T2 sequences were compared to each 
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other and also to aIl available genome sequences (FlyBase) using BLAST searches 
and MacVector software (Accelrys Software Inc., San Diego, California). Base pair 
changes were interpreted as mutations if they differed from both the control and 
published sequences, as weIl as displayed changes that were consistent in both 
directions. 
2.3 RT-PCR 
RNA was isolated from embryos using Trizol Reagent according to the 
manufacturer's instructions (GIBCO-Invitrogen, Burlington, Ontario). RNA was 
precipitated at -200 C ovemight using 10% 5 M Amonium Acetate, 20 f.lg/ml of 
Glycogen and ethanol. cDNAs were then synthesized using SuperScript II Reverse 
Transcriptase (Invitrogen, Burlington, Ontario). Gene-specifie cDNA was then 
amplified using the following primer sets: 
Amplifying the 3' end of pellino: 
S'-CCAGTGCGAAAGCAATATCA-3' 
S'-GGTTACCCCCGAGTTGTTTT-3' 
Amplifying the 5'end ofpellino: 
s' -GCAGCCAGAGACACAACAAA-3' 
s' -CGGAGTCACCCATTGACTTT -3' 
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2.4 Visualization of protein expression in embryos by Western Blot 
Analysis 
2.4.1 Isolation of Prote in from embryos 
Approximately 150 embryos for each sample were collected and 
dechorionated in 50% bleach. Using a homogenizer, they were then ground in 
Extraction Buffer (30 mM HEPES, 100 mM NaCI and 10% Glycerol) containing 
protease inhibitor as recommended by the manufacturer (Complete EDTA-free 
Protease Inhibitor Cocktail, Roche Applied Science, Indianapolis, IN). The 
concentration of protein extract from the lysed cells was then determined using a 
Bradford assay (Bio-Rad Laboratories, Inc., Hercules, California). 
2.4.2 Western Blot Analysis 
20 J..lg of total protein from each sample was subjected to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and electroblotted using a Trans-
Blot® SD Semi-Dry Electrophoretic Transfer Cell (Bio-Rad Laboratories, Inc., 
Hercules, Califomia). The nitrocellulose membranes (Hybond-ECL nitrocellulose 
membrane) (Amersham . Biosciences, Pittsburgh, Pennsylvania) were blocked 
ovemight (approximately 18h) at 4 oC in Tris-buffered saline solution (TBS) with 
5% skim milk (Nestle Canada Inc., North York, Ontario). For antibodies that do not 
tolerate rnilk, such as antÎ-JNK or anti-pJNK, TBS buffer/l % BSA was used for 
blocking instead. Membranes were then incubated for two hours at room temperature 
with either polyclonal anti-Pellino antibody (Grosshans et al., 1999) that was diluted 
to 1: 2000 in 1% milk-TBS buffer, polyc1onal JNKI (FL): sc-571 (Santa Cruz 
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Biotechnology Ine., Santa Cruz, Califomia) diluted to 1:300 in 0.1% BSA-TBS-T 
(lx TBS, 0.1 % Tween20), or polyclonal anti-active JNK pAb (Promega Corporation, 
Madison, Wisconsin) diluted to 1:5000 in TBS-T/O.l% BSA. After 3 washes with 
TBS-T, the blot was probed with the secondary antib6dy horseradish peroxidase-goat 
anti-rabbit immunoglobulin G (Amersham Bioscience, Pittsburgh, Pennsylvania) at a 
dilution of 1: 1 000 or 1 :5000 (for JNK antibodies). AIl incubations with antibody and 
wash steps were performed at room temperature. Three more wash steps followed 
before incubation with ECL Western blotting chemiluminescence detection system 
(Amersham Bioscience, Pittsburgh, Pennsylvania). Blots were exposed to X-OMAT-
AR X-ray film (Eastman Kodak, Rochester, New York) for 1 to 5 min. The control 
for protein loading was a monoclonal anti-a tubulin antibody DMIA (Sigma-
Aldrich, St. -Louis, Missouri) diluted to 1: 10 000 in 1 % milk -TBS buffer. The 
stripping between different antibodies was carried out for 30 min at room 
temperature; using Stripping Buffer (100 mM 2-mercapoethanol, 2% SDS, 62 mM 
Tris-HCI pH 6.7) pre-heated to 60 oC. 
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2.5 Fly Stocks and crosses 
AlI experimental crosses were kept at 25 oC unless otherwise indicated. Flies 
were kept in vials or bottles on corn meal agar media. Oregon R (OreR) flies were 
used as a wild type control unless otherwise noted. 
To screen out balancer chromosomes when selecting for 7T217T2 or 
Df(3R)06624/Df(3R)06624 for DNA, RNA or protein preparation, the balancer 
TM3, twi-Gal4 VAS-GFP was employed (Halfon et al., 2002). 
For fine mapping, the folIowing deficiencies were used: 
Stock Genotype Insertion 
Number site 
7991 w[1118]; Df(3R)ExeI9013,P+PBac{XP5.WH5}ExeI9013rrM6B,Tb[1] 95Bl;95B5 
7948 w[1118]; Df(3R)ExeI7357,P+PBac{XP5.WH5}ExeI7357rrM6B, Tb[l] 96A2;96A13 
7677 w[1118]; Df(3R)ExeI6198, P{w[+mC]=XP-U}ExeI6198/TM6B, Tb[l] 95E5;95F8 
7993 w[1118]; Df(3R)ExeI8178, P+PBac{XP5.WH5}ExeI8178rrM6B, Tb[l] 95F8;96A6 
7679 w[1118]; Df(3R)ExeI6200, P{w[+mC]=XP-U}ExeI6200/TM6B, Tb[l] 96A20;96B4 
7680 w[1118]; Df(3R)ExeI6201, P{w[+mC]=XP-U}ExeI620l/TM6B, Tb[l] 96C2;96C4 
7992 w[1118]; f(3R)ExeI9014,p+PBac{XP5.WH5}ExeI9014rrM6B, Tb[1] 95Bl;95Dl 
7994 w[1118]; Df(3R)Exe19056, P+PBac{XP5.WH5}ExeI9056rrM6B, Tb[1] 96C4;96C5 
7675 w[1118]; Df(3R)Exe16196, P{w[+mC]=XP-U}Exe16196/TM6B, Tb[l] 95C12;95D8 
7676 w[1118]; Df(3R)Exe16197, P{w[+mC]=XP-U}ExeI6197/TM6B, Tb[1] 95D8;95E5 
6624 Df(3R)06624/TM3, Sb[l] 95Cl--95C7 
For visualization of JNK expression in embryos using immunofluorescence, 
ecotopic pellino expression was induced in stripes. VAS-Pli virgin females were 
mated to enGal4 males. In a western blot experiments, pellino overexpression was 
induced by mating VAS-Pli virgin females and tubGal4 males. 
Genetic interaction between integrins and the 7T2 mutant was tested by 
creating a double mutant, carrying both the mys and the 7T2 mutation. In order to 
accomplish this, the 7T2 mutant flies were crossed with a hypomorphic viable ~PS 
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integrin allele (mysnj42). The male offspring were examined for presence of wing 
blisters (Schoeck and Perrimon, 2003; Wilcox, 1990; Wilcox et al., 1989). 
2.5.1 Imprecise P-element excision of Pellino 
The mutation at the Pellino locus was generated by the mobilization of the 
viable PliBG02732 P-element inserted into the 5'UTR of the pellino locus (Gene 
Disruption Project Members, 2001) after crossing in a chromosome carrying a 
constitutive A2-3 P-element transposase source (Daniels et al., 1990). The resulting 
stocks were scored for loss ofPliBG02732 and tested for homozygous lethality. 
2.5.2 Rescuing Experiment 
The UAS-pellino construct (a gift from Jurgen Grosshans) was first injected 
into embryos of yw flies by Beili Hu, our injection specialist. The adults bearing the 
UAS pellino P-element in the germ line were then recovered and individually 
crossed to yw flies of the opposite sex. Since the pellino P-element is marked with a 
mini-white gene, which restores a red eye color in a white background, the progeny 
of each cross was examined for red-eyed transformants. Out of 7 recovered 
transformants, 2 of them were found to be inserted on the third chromosome after 
mappmg with double balancers. Recombination between these transformants 
carrying UAS-pellino and 7T2 was then induced. These recombinants were 
recovered through a series of simple crosses. The last step was to introduce a Gal4 
driver line in those recombinants, and therefore to initiate expression of pellino in the 
7T2 mutant. 
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2.5.3 Generating Germ Line Clones 
Virgin females with a yw hs-Flp22 (Flipase) chromosome were first crossed 
to males with a dominant female sterile OVOD1 mutation as weIl as FRT sites. From 
the following generation, males with both yw hs-Flp22 and OVOD1 FRT were placed 
with females carrying the 7T2 mutation and kept at 25° C. Flies were changed from 
one vial to another about every two days. Third instar larvae were heat shocked at 
37° C for two hours on two consecutive days. As described by Chou and Perrimon 
(1992), heat-driven activation of the Flipase recombinase allows mitotic 
recombination between sister chromatids. As a result the OVOD1 mutant allele is 
eliminated from the flies and thereby fertile females that lack the maternaI 7T2 
contribution in their germ line are generated. These females are then mated to the 
7T2 mutant males to generate a complete mutant lacking both the maternaI and 
zygotic contributions. 
2.6 Egg collection and cuticle preparation 
For egg collection, females carrying germ line clones were placed in a cage with 
a yeasted apple juice agar plate along with males with one of the following 
genotypes: 7T2/TM3, Ser, Df(3R)06624/TM3, Sb or OreR. Apple juice plates were 
changed daily, and the plates from the first day were discarded. For mounting, eggs 
were collected in a wire mesh basket, rinsed with water, dechorionated by incubation 
in 50% bleach and rinsed with water again. Eggs were then mounted in 60:40 
Hoyer' s solution/lactic acid. Slides were baked overnight at 60 oC. 
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2.7 Visualization of protein expression in embryos using 
immunofluorescence 
Two to eight hour old eggs were collected from yeasted apple juice agar 
plates. Eggs were rinsed with water, dechorionated by incubating in 50% bleach for 
two minutes, and rinsed with water again. Embryos were then fixed for 30 minutes in 
scintillation vials containing 4 mL of 4% formaldehyde in PBS and 5 mL ofheptane 
by nutating at room temperature. The vitelline membrane was removed from 
embryos by replacing the aqueous phase of the fixative with methanol, and shaking 
vigorously. Embryos were removed, washed 3 times with methanol and rinsed three 
times in PBS + 0.1% Triton X-I00 + 0.01% sodium azide (PBT). Blocking was 
conducted for l hour in 400llL PBT + 10% BSA. Primary antibody was diluted and 
followed by an overnight incubation àt 4 oC with a primaiy antibody in 400 ilL 
PBNT (lx PBS, 500 mM NaCI, 1% BSA and 0.1% Tween-20), and incubated with 
embryos overnight at 4° C. Before use, antibody was preabsorbed using the same 
procedure described as above, except that the embryos used were more than 6 hours 
old, and the antibody was diluted by a factor of ten. After primary antibody staining, 
embryos were washed four times for 30 minutes with PBT. For secondary antibody, 
goat anti-rabbit Alexa Fluor 488 (Molecular Probes, Eugene, Oregon) was used at a 
concentration of 1 :400 in 400 ilL PBNT, and then incubated with the embryos for 2h 
at room temperature. After secondary antibody staining, embryos were washed four 
times for 30 minutes in PBT, and then embedded in antifade solution component A 
(Molecular probes, Invitrogen, Burlington, Ontario). Embryo images were obtained 
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on a Leica DM6000B upright microscope with a Hamamatsu Orca-ER digital camera 
and OpenLab software. 
Primary antibodies used: rabbit anti-Twi antibody, (1:2500, kindly provided 
by Laura Nilson, McGill University), rabbit anti-active JNK antibody, pTPpY 
(1: 100, V793B from Promega), rabbit anti-JNK antibody (1 :50, sc571 from Santa 
Cruz), full length mouse anti-Dorsal antibody 7 A4 (1 :50, provided by 
Developmental Studies, Hybridoma Bank) full length rabbit anti-Pellino antibody 
(1 :400, Jorg Grosshans, University of Heidelberg) and mouse anti-pPS antibody 
(1:10, CF.6Gll provided by Developmental Studies Hybridoma Bank). 
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3RESULTS 
3.1 7T2 mutation exhibits U-shaped phenotype 
Using ethylmethane sulfonate (EMS) as a mutagen, a collection of zygotic 
lethal mutants were generated (N. Perrimon, unpublished) and screened for maternal-
effect U-shaped embryonic phenotypes (F. Schoeck and N. Perrimon, unpublished). 
One of the mutants uncovered in that screen was the 7T2 mutant. When both the 
zygotic and the maternal contributions were removed using the germ-line clone 
method, it was found that the 7T2 mutant exhibited the U-shaped phenotype. The 
cuticle preparation showed that the tail end of these embryos is folded back and lies 
close to the head, as opposed to the wild type where the taïl of the embryo is located 
at the posterior pole (F. Schoeck, unpublished) (Fig. 2). This phenotype is not only 
associated with the 7T2 mutant. As previously mentioned, the U-shaped cuticle 
phenotype defined by the dorsal location of abdominal denticle belts are a 
consequence of germ band retraction failure (Schoeck and Perrimon, 2003, Frank 
and Rushlow, 1996). Therefore, the U-shaped phenotype is also characteristic of the 
mys (betaPS integrin) null mutant, and other mutants that are involved in the process 
of the germ band retraction. Accordingly, mapping the 7T2 mutant is a first step in 
characterizing this mutant. 
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3.2 Mapping the 7T2 mutant 
In order to map the 7T2 mutant, we first based our strategy on meiotic 
recombination with molecularly mapped P-e1ement insertions. This technique has 
been shown to be very successful when used for mapping of lethal mutations (Zhai et 
al., 2003). The idea of this mapping is that 7T2 mutant flies have a w- background 
(white-eyed flies) and thus the P-element insertions are the only source of w+. 
Because of this, recombination events are easily recognized by eye color. Therefore, 
a series of simple crosses (Fig. 4) can be set up in such a manner that recombination 
occurs in females (F Ü heterozygous for the mutant and the P insertion-bearing 
chromosomes. These females are then crossed to males heterozygous for the mutant 
balanced over an hs-hid balancer. AlI progeny that carry the balancer can be 
eliminated by a single heat-shock (370 C), hence in the F2 0ffspring, the only progeny 
that survive if no crossing-over occurs will be hererozygous for the mutant and P-
e1ement, and will be red-eyed flies. In contrast, flies that are a result of 
recombination events between the P-element insertion and the mutant alle1e will be 
white eyed. The percentage ofwhite-eyed flies in the F2 progeny therefore represents 
the recombination distance (RD) in cM between P-e1ement insertions and the 
mutation. Also, since the location of the P-e1ement insertions is known, the 
molecular distance (MD in base pairs) between any pair of P-e1ement insertions can 
be calculated from their insertion sites and re1ated to the recombination frequency 
obtained for the mutant. As a result, the projected molecular position (PMP in base 
pairs, Fig. 5) can be determined (Zhai et al., 2003). 
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Figure 4 Schematic outline of the principle of P-element mapping 
Mapping strategy using molecularly defined P-element insertions is based on meiotic 
recombination mapping that naturally occurs in females. The main concept of this 
strategy is outlined here. Chromosomes carrying the mutation are shown in black, 
chromosomes carrying P-element insertions in grey, while the balancer chromosomes 
containing the hs-hid are in dark blue. The hypothetical location of the mutation site, 
such as the 7T2 mutation, is marked by a blue star. Plies used are in a w - background 
and the P insertions are thus the only source of w+. A recombination event in females 
heterozygous for the P-element and the mutation is shown by the red line. Flies carrying 
the hs-hid balancer are eliminated by heat-induced lethality. Therefore, three possible 
outcomes of the second cross are: non-viable offspring homozygous for the mutation, 
shown in the green box, red-eyed non-recombinant offspring, shown in the green box 
and white-eyed offspring where the recombination event occurred, shown in the yellow 
box. 
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.. 
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PMDb=(MDa/RDb+RDc)*RDb 
PMP = Projected Molecular Position (location of mutant, bp) 
PMD = Projected Molecular Distance (bp) 
RD :: Recombination distance (cM) 
Figure 5 Calculation of mapping position 
l 
PMP=P1+PMDb 
PMD, projected molecular distance in base pairs; MD, molecular distance in base pairs; 
RD, recombination distance in cM. Note that the PMP can be calculated by using Pl (as 
shown) or P2 (PMDc). 
Using this strategy, we successfully carried out 3 rounds of rough mapping. 
In the first round, P-elements evenly distributed on the right arm of the third 
chromosome of the Drosophila genome were used to assess the location of the 7T2 
mutant. According to our results, the P-element resulting in the lowest recombination 
frequency (4.8%) was 12694 (Table 1) located at 18 344 959 bp of the Drosophila 
genome. The obtained recombination frequency also referred to as recombination 
distance (RD) was then used to calculate the projected molecular distance (PMD) 
between the 12694 P-element and adjacent 12719 P-element, located at 24 805 975 
bp. The known values were then plugged into the following formula: 
PMD = (MDIRDI + RD2)*RDI 
Thus, PMD12694:12719 = (MDI2694-12719 /RD12694 + RD12719)*RDI269 
PMDI2694-12719= {(24 805 975 bp-18 344 959 bp)/(14.9 cM+4.8 cM)*4.8 cM} 
= 1 574258 bp 
From here, the projected molecular position of the mutation was calculated using the 
following formula: 
PMP = PMD12694-12719 + Chromosomallocation of Pl element (12694) 
PMP = 1 574258 bp + 18 344959 bp = 19919200 bp 
However, the projected molecular position depends on the Recombination 
Distance, which is a value based on the number of flies from the last cross. Thus, the 
greater the number of counted flies, the more accurate the value of recombination 
frequency or recombination distance is. Consequently, the calculated projected 
molecular position of the mutant can only be used as an approximate location of the 
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P-element Chromos omal Numberof Number of Recombination 
Location (bp) Red-eyed flies white-eyed frequency 
flies 
12803 2935342 304 79 26% 
13126 4757619 205 49 24% 
12824 8545718 275 51 19% 
12868 12944803 180 27 15% 
12626 16135 197 16 1 5.8% 
12694 18344959 177 9 4.8% 
12719 24805975 43 4 14.9% 
Table 1 Recombination frequencies: tirst P-element set 
P-elements evenly distributed on the right arm of the third chromosome of the 
Drosophila genome to assess the location of the 7T2 mutant. 
7T2 mutation and it is mainly used as a benchmark in narrowing down the mutated 
reglOn. 
From here, we then chose another set of P-elements in the 14 127 476 bp to 
21 145 730 bp interval (interval length: 7 018 254 bp). This second round of 
mapping indicated two P-elements with lowest recombination frequencies, whose 
locations correspond to 19707454 bp and 20331 483 bp (intervallength: 624029 
bp) respectively (Table 2). Once again we used the approach described above to 
estimate the position of the mutant. 
PMP16610-IS41S = {(MDI661O-IS4IS /RDIS4IS· + RDI661O)*RDIS4IS} + 15415 location 
PMP16610-IS41S = {(20 331 483 bp -19 707 454 bp )/(1.07+0.8)*0.8%}+ 19 707 454 bp 
= 20 041159 bp 
This result allowed us to conduct a third round of mapping uSlng P-elements 
in the 19635 619 bp to 20 089614 bp interval on 3R (intervallength: 453 995 bp). 
These final results indicate that the lowest recombination frequency is found for the 
P-element insertion at 19 756 853 bp (Table 3). In addition, we were able to 
determine the projected molecular distance of the mutant using the data from the 
following round: 
PMP2016S-18124 = {(MD2016S-18124 /RDl8124 + RD2016S)*RD2016S} + 20165 location 
PMP2016S-18124 = {(19 923811 bp -19 675990 bp)/(1.63+0.95)*0.95%}+ 19765990 bp 
= 19767242 bp 
50 
P-element Chromos omal Numberof Number of Recombination 
Location (bp) Red-eyed flies white-eyed frequency 
flies 
15007 14127476 563 99 15.6% 
17385 14506276 227 36 13.6% 
17504 15289227 57 8 12.3% 
15335 15847084 288 31 9.7% 
15377 16649549 705 37 4.9% 
16784 16966389 812 39 4.6% 
17528 18022284 111 5 4.3% 
17623 18567210 692 27 3.7% 
15415 19707454 368 4 1.07% 
16610 20331483 225 2 0.89% 
19828 21 145730 915 28 2.96% 
Table 2 Recombination frequency: second P-element set 
P-e1ements in the 14 127 476 bp to 21 145 730 bp interva1 on 3R to narrow down the 
location of the 7T2 mutant. 
P-element Chromosomal Number of Number of Recombination 
Location (bp) Red-eyed flies white-eyed frequency 
flies 
17617 19635619 667 14 2.01% 
20584 19675990 1765 17 0.95% 
15428 19739447 1533 17 1.1% 
20165 19756853 2301 9 0.39% 
18124 19873763 422 7 1.63% 
15823 20089614 901 17 1.85% 
Table 3 Recombination frequency: third P-element set 
P-elements in the 19635 619bp to 20 089 614bp interval on 3R to further narrow down 
the location of the 7T2 mutant. 
Overall, we were able to conduct three rounds of mapping using the mitotic 
recombination with molecularly mapped P-element insertions (Fig. 6). Based on the 
results obtained, we then estimated that the mutation is located around 19 760· 000 bp. 
3.3 Refining the mapping of the 7T2 mutation 
In an attempt to further narrow the location of the 7T2 mutation, a series of 
complementation tests with small deficiencies and mutant alleles of candidate genes 
were performed. To this end, the mutant flies were crossed to deficiency flies. If the 
deficiency complements the mutation, one would expect to observe 33.3% wild type 
looking flies corresponding to the 7T2/deficiency genotype. However, if the 
deficiency fails to complement the mutation, one would then expect none of these 
flies to appear due to lethality (0%). Thus, we first carried out complementation tests 
with ten available Exelixis deficiencies located in the mapped region (Table 4). Eight 
out often deficiencies resulted in ~33.3% ofwild type looking flies corresponding to 
the 7T2/deficiency genotype and were therefore concluded to complement the 
mutation. Two ofthem, Exel6196 and Exel9014, however, revealed a lower number 
(10%) of wild type looking flies indicating that they are partially non-
complementing. Since these two deficiencies overlap in the region between 3R: 19 
750 125bp and 3R: 19 788 277 bp, we initially concluded that the 7T2 mutation is 
likely to lie in this overlapping region enclosing 15 putative genes (Fig. 7). 
Finally, we used an additional small deficiency, Df(3R)06624. The 
complementation test revealed the lowest number of wild type looking flies, 1.8% 
(n=330). Based on these results, we concluded that the 7T2 mutation probably lies 
53 
3R 
., 
• 
Figure 6 Schematic presentation of mapping the 7T2 mutant 
Using P-element insertions randomly distributed along the right arm of the third 
chromosome, we narrowed the region to an interval of 140 133 bp. P-elements with the 
lowest recombination frequency are outlined in yellow boxes, and deficiencies in red. 
Consistently, complementation data from deficiencies confirms the location of the 
mutant. 
95B,Q..95C1 SR: 119635550 .. 19644364 CQ110192 
95C11-95C11 3R: 19652056 .. 196522119 snRNA: U11 :95Cc-RA 
__ & 8-
95C11--95C1 snRNA.: U1 : 95CIJ..RA 
3R:119685189 .. 19685352 s;nRNA:U11:95Ca-RA 
__ a~] 
95C5-95C8 3R:119685876 .. 119715797 prrn 4 stocks 
--
Figure 7 Schematic outline of deficiency location and potential 7T2 candidates 
Using meiotic molecularly defined P-element and deficiencies whose locations are 
represented here, we mapped 7T2 to a 38 152 bp region. This includes the 15 genes 
listed here. 
within this deficiency. However, the fact that some of these flies survived suggests 
the possibility that a second mutation site is also present. To explore this possibility 
we then investigated whether or not the 7T2 mutant that we have so far mapped to 
Df(3R)06624, is indeed solely responsible for the germ band retraction phenotype. 
This could be done by using germ line clones that can be crossed to this particular 
deficiency. A cuticle preparation of these embryos would then show whether they 
exhibit the same phenotype as the 7T2 mutant. If this is indeed the case, we would 
then be able to conclude that the mutation causing this phenotype is found in the 
mapped region. 
3.4Is the phenotype expressed by the 7T2 mutant caused solely by the . 
mutation detected within Df(3R)06624? 
In order to answer this question we first generated germ line clones, embryos 
lacking both maternal and zygotic expression of this gene. This was accomplished by 
inducing mitotic recombination using the Elipase-Elipase Recombinase larget (Flp-
FRT) system. Combining FRT-bearing chromosomes with the dominant female 
sterile OVOD1 mutation allows for positive selection of recombination events in the 
female germline (Chou and Perrimon, 1992). Upon heat-driven activation of the 
Flipase recombinase, mitotic recombination between sister chromatids will eliminate 
the OVOD1 mutant allele from the flies and thereby generate fertile femaies lacking the 
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Genotype Insertion site Number of Total Percentage of 
(cytology breakpoints) wt looking number of wt looking 
flies flies flies 
Df(3R)Exe190 13 95B1;95B5 55 167 33% 
Df(3R)06624 95C1;95C7 6 3~0 1.8% 
Df(3R)Exe16196 95C12;95D8 18 185 10% 
Df(3R)Exe190 14 95B1;95D1 19 191 10% 
Df(3R)Exe16197 95D8;95E5 77 264 29% 
Df(3R)Exe16198 95E5;95F8 42 175 24% 
Df(3R)Exe18178 95F8;96A6 71 213 33% 
Df(3R)Exe17357 96A2;96A13 58 204 28% 
Df(3R)Exe16200 96A20;96B4 47 117 40% 
Df(3R)Exe1620 1 96C2;96C4 34 98 38% 
Df(3R)Exe19056 96C4;96C5 54 157 34% 
Table 4 Mapping the 7T2 mutant with deficiencies 
In the case of complementation, heterozygous flies for the mutation and deficiencies are 
expected to occur at a frequency of 33.3% and can be recognized by carrying no 
markers. 
maternaI 7T2 contribution in their germ line. These females are then mated to the 
7T2 mutant males to generate a complete mutant lacking both the maternaI and 
zygotic contributions. 
Once these germ line clones were generated, they were used for cuticle 
preparations. Results revealed that the 7T2 mutation exhibits more than one 
phenotype. In fact, a range of phenotypes was observed and classified into three 
distinct categories; embryos with head defects, twisted embryos, and embryos 
exhibiting the germ band retraction failure phenotype, or U-shaped phenotype (Fig. 
8). 
The same pleiotropic phenotypes were observed when the females lacking 
the 7T2 maternal contribution were mated with Df(3R)06624 males. In addition, near 
identical levels of phenotype penetrance were observed for both the 7T2 mutant and 
Df(3R)06624 (Table 5). From these results, we conclude that the phenotype 
exhibited by the 7T2 mutant is likely caused solely by a mutation that lies within this 
deficiency. As a control, we used flies that are only lacking the 7T2 maternaI 
contribution. These flies exhibit aIl three phenotypes at a much lower frequency. 
3.5 MapjJing Df(3R)06624 
Df(3R)06624 was initiaIly generated in order to remove the TFllA-S gene. 
Using the remobilization of an adjacent P-element and thereby through imprecise 
58 
Figure 8 The 7T2 mutant exhibits pleiotropic phenotypes 
Removing maternaI and zygotic contributions of the 7T2 mutant resulted in three distinct 
phenotypes: head defects (a), germ band retraction defect (b) and twisted germ band (c). 
wtldtype . Twlstad Germ: bandl Head defect 
retractlon 
defact 
7T2 maternai' x wt 
(N =95) 66,6% 5.4% 4,2% 3,8% 
m maternai;' x 7T2 
(N = 92) 51% 19% 14% 9% 
m maternal.- x O&a4 
(N = 1:(4) 55% 20,8% 14% 9,.2% 
Table 5 Phenotypic comparison between the 7T2 mutant and Df(3R)06624 
Quantification of the phenotypic penetrance is displayed here in percentage, taking into 
account the number of total embryos (N). When the 7T2 maternaI contribution along 
with the Df(3R)06624 zygotic contribution were removed, the same phenotypic 
penetrance was observed as when the 7T2 maternaI and zygotic contributions were 
removed. However, removaI of only the maternaI contributioI'). of 7T2 resulted in 
significantly lower phenotypic penetrance. 
excision events, smà11 deletions in the locus were created one of which -corresponds 
to the 06624 deficiency (Zeidler et al., 1996). Due to the imprecise nature of P-
element excisions, the exact length and end points of deficiencies are unknown. 
However, it has been previously reported that along with the TF/lA-S gene, the 
adjacent pellino gene is also believed to be missing in this deficiency (Grosshans et 
al., 1999). Since the question of how far Df(3R)06624 extends was never resolved, 
we proceeded with· mapping this deficiency. Two different methods were applied in 
order to do so; mapping by complementation test and mapping by PCR. 
Two available mutants were used for a complementation test. One mutant 
covers the TF/lA-S gene, and the other covers the six banded gene (sba) located to 
the right of the TF/lA-S gene. As expected, the sba mutant complements 
Df(3R)06624, whereas the TF/lA-S mutant does not complement Df(3R)06624. This 
finding suggests that the deficiency end point begins exclusively after the sba gene, 
and therefore contains only the TF/lA -S gene on the right side. 
Mapping of this deficiency was finalized using the PCR method. As shown in 
Figure 9, we were able to amplify the fragments corresponding to a gene adjacent to 
TF/lA-S (sba), and the genes followingpellino (CG12492 and CGI0192). However, 
no fragment was obtained for any of the pellino exons, indicating that this gene is 
absent from the deficiency. Combining these two methods, complementation test and 
peR, we are able to conclude that Df(3R)06624 is located on the right arm of the 
third chromosome of the Drosophila genome, and is lacking two complete genes, 
namely TF/lA-S and pellino. As 7T2 complements TF/lA-S, we conclude that the 
7T2 mutation lies within pellino. 
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Figure 9 Df(3R)06624 deletes the entire pellino gene 
. Mapping hy the PCR approach. DNA used for PCR amplification was isolated either 
from flies homozygous Df(3R)06624 (a) or wild type OreR flies (h). The 
ACAAACTGACGCCGGATAAC and GGTT AATGCGCTCCATTGTT primer pair 
amplifies the first exon of CG10192, while TCACACAATTGCACCCAG and 
GGCTGCGTGGTTGTTATTTT amplifies exon 2 of CG12492. pellino was amplified 
using 5 sets of primers, PIL1 (amplifies exon2), PIL3(amplifies exons 4 and 5), Pli_ 4 
(amplifies exons 5, 6 and 7), PIL5 (amplifies exons 6, 7, 8 and 9) and PIL6 (amplifies 
exons 9 and 10), as described in Methods. Two primer pairs (AACCCGTAACACCGA 
TTCTCNGAAAGCGGTAGCTGGAACTG and TCGCTGACCAGCACTAA TTG/CC 
CATATCAGTTCCCCAAT) were used to amplify exon 2 and exon 7 of sba. Marker 
used (M) corresponds to 1 Kb molecular marker. 
3.6 Sequencing pellino 
The unprocessed pellino transcript consists of 29 921 nuc1eotides. Located on 
the right arm of Drosophila chromosome III (19 685 876 to 19 715 797 bp), the 
pellino gene consists of eleven exons. In order to detect the mutation site, genomic 
'DNA corresponding to aIl Il exons of pellino was sequenced from mutant and wild 
type tissue. Genomic DNA was isolated from embryos homozygous for the 7T2 
mutation, which was then used for amplification of pellino exons and their flanking 
regions. As a control, we isolated genomic DNA from OreR (wild type) flies. We 
were able to successfully amplify and sequence aU pellino exons. However, it should 
be noted that in an attempt to amplify and sequence exon 3, we encountered several 
difficulties. Of the 10 primer pairs used to amplify this smaU.region, consisting of 93 
base paIrs, only . . one pnmer paIr, TCCATTTTCACTTGCAGCAC and 
AGCAGCAACTCTGCCGTAT, resulted in a product. FoUowing the successful 
amplification of exon3, we were then in a position to sequence the entire encoding 
region of pellino gene. The control and 7T2 sequences of pellino were then 
compared using Mac Vector software (Accelrys Software Inc., San Diego, 
California). AdditionaIly, these sequences were also compared to aIl available 
genome sequences using BLAST searches. To our surprise, sequence alignment 
results revealed no detectable mutations (Fig. 10). In order to address this 
inconsistency, we decided to use a RT-PCR approach as an alternative method. Our 
reasoning for this approach is that this technique would allow us to determine if the 
pellino mRNA is still present in the mutant tissue. 
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1 TTATCAGTCT--TGCCAGCAAAGTATCTCTTCCTGATTGACATCACA 45 
1 CTCTATATAC-- 19 
1 GTTTT ATCAGGTTN NTGCCAGCAAAGTATCTCTTC CTGA TTGACATCACA 59 
1 C:CT'GATATA- -- g, 
4& AGTGTAATGCCAATATTCGTCATTTATTTACTTTGTGATATATTGCCTAA 9'5 
11 AGTGTA-TGCCA-TATTCGTCATTTATTTAC.TTT,GTGATATATTGC.CTAA 58 
51 AGTGTAATGCCAATATTCGTCATTTATTTACTTTGTGATATATTGCCTAA 199 
HI AGTGTA- TGCCA-TATTCGTCATTTATTTACTTTGTGATATATTGCCTAA 51 
•.•.........•••••••..........••••••••........••• 
96 TCATTTTCTCATCC.CCCATATGGCTCACACTCGA(TAATCATGATTGCTG 145 
59; TCA TTTTCTCATC CCCCATATGGCTCACACTCGA'CT AATCATGATTG.CTG 198, 
191 TCATTTTCTCATCCCCCATATGGCTCA'CACTCGACTAATCATGATTGCTG 15E1 
SB TCATTTTCTCATCCC.CCATATGGCTCACACTCGA'CTAATCATGATTGCTG 197 
..........•• ~ ••..•..........••••••.............••. 
146 TTCTCCGCCAGGTGGGACGTTCATCGGAGTCACCCATTGACTTTGTGGTG 19,5 
199, TTCTCC GC CAGGTGGGAC GTTCATCGGAGTCAC CCATTGACTTTGTGGTG 158; 
151 TTCTCCGC CAGGTGGGAC.GTTCATCGGAGTCAC C CATTGACTTTGTGGTG 29E1 
19B TTCTCCGCCAGGTGGGACGTTCATCGGAGTCACC CATTGACTTTGTGGTG 157 
........... ~ .........•••••••••.•......•••••••..... 
19,6 ATGGATACGCTGCCAGGCGATAAAAA,GGATGCCAA,GGTTATGCAGAGCAC 245 
159, ATGGATACGCTGCCAGGCGATAAAAAGGATGCCMGGTTATGCAGAGCAC 298 
291 ATGGATACGCTGCCAGGCGATAAAAAGGATGCCAAGGTTATGCAGAGCAC 259 
158 ATGGATACGCTGCCAGGCGATAAAAAGGATGCCAAGGTTATGCAGAGCAC 297 
..................................... ~ ........... . 
24 & AA TTTCTCGGTTCGCCTGCCGCATTCTG.GTCAACC GCTGTGAGCCTGC CA 29'5 
299, AATTTCTCGGTTCGCCTGCCGCATTCTGGTCAACCGCTGTGAGCCTGCCA 258, 
251 AATTTCTCGGTTCGC.CTGCCGCATTCTGGTCAACC.GCTGTGAGCCTGCCA 38'9 
298 AATTTCTCGGTTCGCCTGCCGCATTCTGGTCAACCGCTGTGAGCCTGCCA 257 
29,6 AGGCGAGAATATTCGCTGCCGGCTTTGATTCGAGCAGAMTATATTCCTT 345 
259 AGGCGAGMTATTC.GCTGCCGGCTTTGATTCGAGCAGAMTATATTCCTT 398; 
391 AGGCGAGAATATTCGCTGCCGGCTTTGATTCGAGCAGAMTATATTCCTT 359 
258 AGGCGAGAATATTCGCTGCCGGC.TTTGATTCGAGCAGAMTATATTCCTT 3G1 
...••••••••......•..•••••••••.........•••••••..... 
34& GGGGTAAGTCAGCTGTCCATCTGGTAATCTCCTGCTGATTCTAATGAGAT 39'5 
399 GGGGTAAGTCAGCTGTCCATCTGGTAATCTCCTGCTGATTCTAATGAGAT 358, 
3 S 1 GGGGT AAGTCAGCTGTC CATCTGGTAATCTCCTGCTGATTCTAATGAGAT 4&G 
39B, GGGGTAAGTCAGCTGTCCATCTGGTAATCTCCTGCTGATTCTAA TGAGA T 357 
3 %, TC.GAACTTGA TTTT ACACAGGAGA,r.,GGCCAC CAAGTGGCAGGACAA TGTG 44.5 
359' TC GAACTTGA TTTT ACACAGGAGAAGGC CACCAAGTGGCAGGACAA TGTG 498 
4 G1 TCGAACTTGATTTTACACAGGAGMGGCCACCAIIGTGGCAGGACAATGTG 459 
3 SB, TCGAACTTGATTTT ACACAGGAGMGGCCACCAIIGTGGCAGGACAATGTG 491 
•..•..........••••••.........•..••••.•...........• 
4,4& GAMTCGATGGCCTGACCACCAACGGTGTGCTGATTATGCACCCCAAAGG 49'S 
499 GAMTC GA TGGC CTGAC CACCAIIC GGTGTGCTGATT A TGCAC CC CAAAGG 458; 
451 GAMTCGATGGCCTGACCACCAACGGTGTGCTGATTATGCACCCCAAA'GG 58<8< 
498 GAMTCGATGGCCTGACCA'CCAACGGTGTGCTGATTATGCACCCCAAAGG 457 
••••••••• ~.~.e.~~ •••• e ••••• e ••• e ••• ~ •••••••••••••• 
49,6 A TC CTTCTGTGGC GGCAA TGCCAIIGTGC GGACTATGGCGTGAGTGCTCC G 545 
459, A TCCTTCTGTGGC GGCAA TGC CAAGTGCGGACTATGGC GC GAGTGCTC C G 58<8, 
591 ATC CTTCTGTGGC GGCAA TGCCAAGTGC GGACT A TGGC GTGAGTGCTC C G 558< 
458 A TC CTTCTGTGGC GGCAA TGC CAAGTGCGGACTATGGC GTGAGTGCTCC G 58<7 
•• e •••••••••••••••••••••• * •••• ~ •••••••• •••••••••• 
546 TGGGCGGCGACGTTTTCAGCCTTCGCGMTCGCGTTCAGCCCAGCAAAA·G 59'5 
5 G9' TGGGCGGC GAC GTTTTCAGCCTTC GCGM TCGC GTTCAGC C CAGCAAAA'G 5 SB 
551 TGGGCGGCGACGTTTTCAGCCTTCGCGMTCGCGTTCAGCCCAGCAAAAG 6E18< 
S GB TGGGC GGC GAC GTTTTCAGCCTTC GCGAA TC.GC GTTCAGC C CAGCAAAA·G 557 
••••........••••••••........•••••••••........• ~ ... 
Figure 10 Example of sequence analysis using MacVector software 
(AcceIrys Software Inc., San Diego, California). Sequence amplified by Primer pair 4 
(includes exons 5, 6 and 7) is shown here. Reverse and forward sequences from the 
mutant (7t2I7t2) and wild type (wt) were aligned and clustered. Only base pair changes 
between wild type and mutant that were consistent in both directions (reverse and 
forward) were interpreted as mutations. 
If so, this would enable us to sequence the cDNA of the pellino mutant and thereby 
allow for the identification of any specifie mutations in any of the exons potentially 
missed in genomic DNA sequence analysis. 
3.7 pellino RNA expression in the mutant tissue 
The above results suggest that the mutation site may lie in the enhancer 
region of pellino. To assess this possibility, we proceeded to search for the presence 
of pellino mRNA in the mutant tissue using a RT-PCR approach. Total RNA was 
isolated from wild type embryos and from embryos that were homozygous for the 
7T2 mutation. The isolated RNA was reverse transcribed to cDNA, which was 
subsequentially used for the specifie amplification of pellino cDNA. Primers were 
designed to amplify the beginning and the end of the pellino cDNA in such a way 
that they bound to adjacent exons. Thus, in case of genomic DNA contamination in 
the sample, the amplified DNA would also include the intron lying between these 
two adjacent exons. As a result, we would see a PCR product of much greater size 
than what we would expect to see from amplification of cDNA alone. Three different 
samples were used in this experiment: RNA isolated from tissue homozygous for the 
mutation, RNA isolated from the wild type tissue (positive control), and water 
(negative control). The PCR results for the primer set that binds to the 5'end of 
pellino show only one clear band for the positive control, corresponding to 475 bp, 
which indicates that there is no interfering genomic DNA present in the sample. In 
addition, the water sample did not produce a fragment, as expected (Fig. lIa). On the 
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Figure 11 pellino mRNA expression in the mutant tissue 
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Absence of pellino rnRNA in the 7T2 mutant was verified using RT-PCR. Two sets of 
primers were used. (a) CCAGTGCGAAAGCAATATCA and GTTACCCCCGAGTTGT 
TTT binding to the first two exons of pellino show only amplification of 475 bp in wild 
type embryos (wt). (b) GCAGCCAGAGACACAACAAA and CGGAGTCACCCATTG 
ACTTT, binding exons 4, 5 and 6 of pellino show only amplification of 1319 bp in wild 
type embryos (wt), but not in 7T217T2 embryos (7T2). Marker used corresponds to lKb 
molecular marker. 
other hand, no clear band was seen in the mutant tissue. Instead, a smear of three 
bands of various sizes was observed. Although none of these fragments appear 
clearlyon the gel, one seems to correspond to 475 bp and can thus be considered as a 
potential PCR product of pellino. On the other hand, using a second primer pair that 
amplifies exons 4, 5, and 6 of pellino, we obtained a PCR amplification 
amplification product in the wild type only. A product measuring 1319 bp was 
obtained and does indeed correspond to the expected fragment size, if there is no 
genomic DNA contamination. However, no product was observed from the mutant 
tissue or our negative control (Fig. Il b) suggesting that pellino rnRNA is absent 
from the mutant tissue. The absence of pellino mRNA strongly suggests that the 7T2 
mutation lies in the pellino enhancer region. 
3.8 Pellino protein expression in the mutant tissue 
The above results indicate that pellino mRNA is absent in the tissue 
homozygous for the 7T2 mutation. We then proceeded to investigate whether there is 
a corresponding effect on Pellino protein level in the mutant tissue. This was 
assessed by conducting a western blot using a polyclonal anti-Pellino antibody, 
generously provided to us by J. Grosshans. Pellino is a polypeptide consisting of 424 
amino acid residues, corresponding to a molecular weight of 47 kDa. Proteins were 
extracted from wild type embryos (wt), embryos that are homozygous for 
Df(3R)06624 (negative control), and embryos carrying the GFP-bearing 
chromosome (positive 
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Figure 12 Pellino protein expression in the mutant tissue 
Absence of Pellino protein in the 7T2 mutant was verified by using Western Blot 
Analysis. Protein samples were prepared from embryo extracts. hl addition to 
homozygous mutant tissue ("7T2") protein was extracted from wild type embryos 
("üreR"), embryos that are homozygous for Df(3R)06624 and embryos carrying the 
GFP balancer chromosome used for selection of homozygous mutant and deficiency 
embryos. Western analysis with rabbit Pellino antibody detects a band of 47 kDa only in 
wild type and balancer embryos. hl contrast, this band is absent in the mutant and 
deficiency tissue. 
control) used for selection of homozygous 7T2 and deficiency embryos. We observe 
multiple bands in each sarnple, which indicates that the polyclonal antibody displays 
sorne unspecific binding (Fig. 12). Thus, in aIl 4 sarnples two bands are present; one 
corresponding to 75 kDa and the second one corresponding to approximately 60 
kDa. However, none of these bands corresponds to the expected size of Pellino. In 
contrast, the band located at 47 kDa is present in only two sarnples. The 47 kDa band 
is present in the wild type and the positive control, but it is rnissing in the 7T2 
mutant and the Df(3R)06624 sarnple. Since we previously showed that Df(3R)06624 
lacks two genes, TFIIA-S and pellino, the band corresponding to Pellino was 
expected to be missing in the deficiency. This was indeed the case. We therefore 
conclude that the band of 47 kDa corresponds to Pellino. Furtherrnore, since this 
band is also absent in the mutant tissue, we conclude that not only pellino mRNA but 
also Pellino protein is absent from the 7T2 mutant. These results suggest that the 
mutation is likely localized in the regulatory region and thereby prevents pellino 
expreSSIon. 
3.9 Imprecise P-element excision of pellino 
Our objective was also to generate a second pellino allele by creating a small 
deletion in the pellino gene. The mutation at the pellinolocus was generated by 
mobilizing the viable PliBG02732 P-element putatively inserted in the 5'UTR of the 
pellino locus (Gene Disruption Project Members, 2001) after crossing in a 
chromosome carrying a constitutive ~2-3 P-element transposase source (Danie1s et 
al., 1990). The resulting stocks were scored for loss of PliBG02732 and tested for 
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homozygous lethality. We have been able to recover 12 independently created lethal 
Hnes. These Hnes were then used for complementation tests with the 7T2 mutant. 
The results obtained showed that each of those lines complement the 7T2 mutation 
(Table 6). However, since the P-element that we aimed to excise is reportedly 
located in the 5 'UTR, it is likely that the excision event took place in the opposite 
direction. Therefore, we assumed that instead of excising pellino, we excised the 
adjacent gene, TFlIA-S. To explore that possibility, we then performed a 
complementation test between the TFIIA-S mutant and those·excision Hnes. 
To our surprise, the results indicate complementation between TFlIA-S and 
the excision lines. This suggests that the fragment excised is not part of TFlIA-S. To 
confirm our suspicions, we also carried out a complementation test between these 
excision lines and Df(3R)06624. Since we reported here that Df(3R)06624 is lacking 
pellino and TFlIA-S, and aIl those excision Hnes appear to complement both ofthose 
genes, we expected to see complementation between the excision Hnes and the 
deficiency as weIl. The results met with our expectations, confirming that the p-
element excised was not located in the region that was initially indicated. Instead, we 
suspect that the excision event took place elsewhere. As a result, lethal lines were 
created, indicating that the excised fragment is necessary for fly survival. Although 
those lines do not appear to be relevant for further studies of the 7T2 mutant, it 
would however be interesting for future research to uncover the identity of the 
excised fragment. 
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7T2 TflIA Df(86624) 
APli Number Total PeIt:entage N!unberaf Total Pen:entage N!unber Tatal PeIt:entage 
lethallines afwl numberaf afwl wllaaking numberof ofwl ofwl numberof ofwl looking flies looking flies flies looking laaking flies looking 
flies dies flies flies flies 
3/1 25 98 26% 37 122 3QGIo 25 97 26% 
23/2 46 131 35% 61 204 3QGIo 14 67 21% 
33 18 64 28% 31 94 33% 60 118 33% 
22/1 75 160 47% 26 73 i 36% 19 59 33% 
2/4 30 84 36% 52 158 i 33% 28 103 27% 
3/lB 40 154 26% 38 115 i 33% 23 87 26% 
2/5 19 91 21% 22 64 1 33% 27 78 35% 
23/3 23 108 22% 25 95 27% 25 89 28% 
16 62 231 27% 43 132 33% 50 164 30% 
2/3 22 59 37% 40 117 34% 30 90 33% 
23/1 76 218 35% 27 83 33% 25 71 36% 
3/2 36 114 32% 48 146 33% 37 112 33% 
Table 6 Complementation test with excision Unes 
Twelve independently generated excision lines were tested to see whether they 
complement our mutant. Results shown in the first column indicate that flies 
heterozygous for the 7T2 mutation and LlPellino are viable and therefore they 
complement each other. Likewise, the LlPellino lin es complement TFIIA -S and 
Df(3R)06624. 
3.10 Characterization of the 7T2 mutant 
3.10.1 Genetic Interaction between integrin and the 7T2 mutant 
As previously mentioned, the 7T2 mutant exhibits the U-shaped phenotype 
that has also been associated with the mys null mutant (Schoeck and Perrmon, 
2002,2003). We proceeded to investigate whether the 7T2 mutant interacts with 
integrin in vivo. The genetic interaction was tested using a hypomorphic viable ~PS 
integrin allele (mysnj 42) that shows a wing blister phenotype as a result of a failure of 
cell-matrix interaction (Schoeck and Perrimon, 2003; Walsh and Brown, 1998). This 
interaction is required for the apposition of the two epithelia that form the wing 
blade. However, the penetrance of this phenotype is extremely low. Only when this 
viable allele is combined with another mutant in the same pathway, does the 
frequency of wing blisters dramatically increase (Wilcox et al., 1989). Therefore, if 
the 7T2 mutant and integrin genetically interact, we would expect to see a significant 
increase in wing blisters. However, contrary to our expectations, when the double 
mutant for the 7T2 mutation and mysnj42 was examined, no wing blisters were 
observed. These results suggest that the 7T2 mutant and integrins do not interact 
genetically. 
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3.10.2 Effeet of Pellino overexpression on integrin levels 
In addition to investigating the phenotype attributed to the pellino mutant, we 
were also interested in exploring the potential biological impact of Pellino over-
expression. Previously reported evidence suggests that ectopie JNK activation up-
regulates integrin levels during Drosophila embryogenesis (Homsi et al., 2006). 
Thus, based on phenotypic similarities between the 7T2 mutant and mutants 
affecting the JNK pathway, we hypothesized that Pellino might be stimulating the 
JNK pathway which could result in increased expression of integrins. To test this 
idea, we first drove the ectopie expression of Pellino in transgenic flies containing 
UAS-Pellino using the engrailed-Gal4 driver line. engrailed is a segment polarity 
gene that is expressed in 14 stripes along the anterior-posterior axis of the embryo. 
As a result, the over-expression of Pellino was expected to produce a similar pattern. 
Therefore, we first verified whether or not overexpression was properly induced in 
these embryos by performing an immunofluorescence staining using polyclonal anti-
Pellino antibody. As shown (Fig. Ba), ectopie Pellino expression is indeed visible in 
a stripe pattern. According to our hypothesis, if Pellino plays a role in stimulating the 
JNK pathway, we would expect to see increased integrin expression at the sites of 
Pellino overexpression. The obtained results indicate otherwise. Actually, the 
embryos at the dorsal closure stage that show induced Pellino overexpression do not 
show ectopie integrin expression (Fig. 13c and d). 
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Figure 13 Effeet of Pellino overexpression on integrin levels 
Using Gal4 line fused to engrailed, Ectopie expression of Pellino was driven in stripe 
manner. Immunofluorescence staining using rabbit anti-Pellino antibody was observed at 
different embryonic stages of the Drosophila embryo; early stages embryos and stages of 
dorsal closure embryos (a, c). Integrin expression was examined using monoclonal anti-
~PS antibody. Only in later stages, Integrins are found to localize to the muscle 
attachment sites (b), while embryos at Dorsal closure stages had no integrin expression 
induced (d). 
Only later stage embryos have integrin expressed at the muscle attachment sites, 
which is the stage when integrin expression is usua1ly observed (Fig. 13b.). 
According to these results, Pellino overexpression was successfully induced and we 
were able to detect ~PS immunofluorescence. However, the data indicate that Pellino 
overexpression cannot induce integrin expression. 
3.10.3 Genetic interaction between hep and 7T2 
The possibility that the 7T2 mutant might play a role in the JNK pathway has 
been suggested previously. Preliminary work conducted by F. Schoeck indicates that 
the 7T2 mutant interacts genetically with a gene encoding the Jun kinase kinase 
hemipterous (hep). Evidence for this interaction was detected in the viable, 
hypomorphic hep} a1lele that exhibits a slight thorax cleft. This phenotype is 
significantly enhanced in flies that are additionally heterozygous for 7T2 (hep); 
7T2/+) (Fig. 14). These results suggested that the 7T2 mutation is either directly or 
indirectly affecting the JNK pathway. 
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Figure 14 Genetic interaction between hep and 7T2 
7T2 enhances the hemipterous thorax c10sure phenotype. Scanning Electron Micrograph 
(dorsal view of the thorax) of hep]; 7T2/+ (a, b) and hep] (c, d) mutants. This indicates 
that 7T2 interacts with the JNK pathway, which is involved in cell shape changes during 
dorsal c1osure. 
3.10.4 Effect of Pellino overexpression on Basket levels 
The above experiment suggests that pellino might be involved in regulating 
the JNK pathway. Since the 7T2 mutant is interacting with hep, which is found to be 
upstream of basket (encoding the JNK homologue in Drosophila), one would expect 
to see an effect of Pellino overexpression on JNK phosphorylation (active form). 
This hypothesis was first tested by visualizing expression of basket in embryos with 
ectopically expressed Pellino. The UAS-Pli expression was driven using an en-Gal4 
driver line and therefore results in 14 stripes along the anterior-posterior axis of the 
embryo. Surprisingly, we observed no difference in expression between the inactive 
and active form of JNK when Pellino was over-expressed (results not shown). It 
should be noted however that both staining with polyclonal anti-JNK antibody and 
staining with anti-phospho-JNK antibody did not elicit a strong signal. Instead, 
localization of the proteins is unspecific, and the fluorescence signal was weak, 
suggesting that the antibodies used might not be suitable for immunofluorescence 
experiments. 
We therefore proceeded to test this hypothesis using a western blot approach. 
Proteins were extracted from the embryos homozygous for Df(3R)06624, from 
embryos homozygous for the 7T2 mutation, from wild type embryos (OreR), and 
from embryos with ectopically expressed Pellino (Fig. 15). The blot with those four 
samples was then stained with three different antibodies: the polyclonal anti-JNK 
anti\;>ody, the polyclonal anti-phospho-JNK antibody, and the monoclonal anti-
tubulin antibody. According to our initial hypothesis, we were expecting to see 
77 
7T2 OreR 
a,-JNK 
~ - .~7i:- ' 
1 ~ '. 1 
a-P'-.... K ~ ~&;~ J 
Œ-tubuUn 
Figure 15 Effeet of Pellino on JNK ae~ivation 
Proteins isolated from homozygous Df(3R)06624 flies, 7T2 homozygous flies, wild type 
flies (OreR) and flies with overexpressed Pellino (tub-GaI4/UAS-Pli) were subjected to 
Western blot analysis. The same membrane was probed with three different antibodies; 
rabbit anti-active JNK antibody, rabbit anti-JNK antibody and monoclonal anti-a tubulin 
antibody. The band intensities were compared across the samples. 
decreased phospho-JNK levels in our mutant and deficiency when compared to the 
wild type. Additionally, we were also expecting to see an increase in phospho-JNK 
levels when Pellino is overexpressed. The anti-tubulin antibody was used as a 
loading control, indicating the amount of protein loaded per lane. According to our 
results, the lane corresponding· to the deficiency has the least amount of prote in, 
while the OreR lane has the most. Equal amounts of protein were loaded for the 
mutant and overexpressed Pellino. One would then expect to see the least amount of 
JNK in the deficiency sample. However, western blotting indicates the levels of this 
43 kDa protein are similar for all samples. To a certain extent this was to be 
expected, since according to our hypothesis, Pellino does not affect JNK expression, 
but rather JNK activation. Surprisingly, differences among samples in phospho-JNK 
levels were not observed either. Therefore, we were unable to establish any 
significant relationship between Pellino and the JNK pathway. 
3.10.5 Pellino affects dorsoventral patterning in Drosophila 
It has already been established biochemically that Drosophila Pellino is a 
constituent of the dorsoventral axis patterning pathway. Therefore, a pellino mutant 
may disturb the Toll pathway, preventing Dorsal nuclear localization and 
transcriptional activation of twist and snail. Consequentially, these embryos should 
exhibit the twisted phenotype (Nusslein-Volhard et al., 1984). As mentioned 
previously, this phenotype is seen in the 7T2 mutant. Therefore, we attempted to 
determine if genes involved in dorsoventral axis patterning are indeed affected in the 
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mutant tissue. If dorsoventral patterning is affected, one can expect to see Dorsal 
localization in the cytoplasm as opposed to its nuclear localization on the ventral 
side, which is observed in the wild type. We thus performed immunofluorescence 
staining using a monoclonal anti-Dorsal antibody in order to assess this question. 
Initially, we wanted to optimize the experimental conditions in the wild type before 
using the mutant tissue. Although we expected to see Dorsal being localized to the 
nucleus on the ventral side of the embryo, as opposed to the dorsal side of the 
embryo where Dorsal should be localized in the cytoplasm, our assay was unable to 
detect any difference in Dorsal localization within the wild type embryos. In most 
cases, we were able to see Dorsal localization in the cytoplasm, which suggests that 
we were viewing the dorsal side of the embryo (results not shown). Since nuclear 
localization was never detected in this as say , we concluded that this approach was 
not suitable for testing our hypothesis. 
Another alternative method of testing this hypothesis was to examine Twist 
expression. If Dorsal translocation in the pellino mutant is affected, one would 
expect Twist expression, which under normal conditions is observed on the ventral 
side, to be lost. Therefore, to address this possibility, germ line clones, for which the 
maternaI and zygotic contribution of 7T2 are missing, were used for 
immunofluorescence staining using an anti-Twist antibody. Our results revealed that 
Twist staining is seen in aIl embryos: those heterozygous for the 7T2 mutation and . 
those homozygous for the 7T2 mutation. Preliminary results indicate that Twist 
expression is enhanced in sorne instances. In these embryos Twist is found to be 
expressed 
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Figure 16 Effect of Pellino absence on Twist expression during early embryogenesis 
in Drosophila 
Immunofluorescence staining of the wild type embryos, using a rab bit anti -Twist 
antibody, shows expression only as a stripe on the ventral side (a). In the 7T2 germ line 
clones, Twist expression is observed throughout the entire haIf of the embryo (b). 
throughout the entire half of the embryo, while it is normally found only as a narrow 
stripe on the ventral side (Fig. 16). 
This observation suggests that Twist may be overexpressed in embryos 
homozygous for the 7T2 mutation, which is inconsistent with our expectations,. 
However, we were unable to genetically differentiate the embryos that are 
homozygous for the 7T2 mutation from those that are heterozygous. Therefore, 
further experiments are required to link the observed phenotype with the 7T2 
mutation. 
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4 DISCUSSION 
4.1 Mapping the 7T2 mutation 
In this section we discuss the progress on mapping the 7T2 mutation. It was 
previously established that the 7T2 mutant is located on the right arm of the 
Drosophila third chromosome (F. Schoeck, unpublished). We therefore started 
mapping using molecularly defined P-elements located in this region. By allowing a 
recombination event between the 7T2 mutant and the selected P-elements, we 
successfully narrowed down the region containing the mutation. The percentage of 
flies in which the recombination event occurred corresponds to the value of 
recombination distance (RD) between the P-element and the mutation, which 
allowed us to calculate the Projected Molecular Position (PMP) of the mutation 
(Zhai et al., 2003). Applying this strategy, we were able to conduct three rounds of 
mapping using P-elements found on the right arm of the third chromosome. The first, 
second and third rounds of mapping indicated that the mutation lies at 19 919 200 
bp, 20 041 159 bp, and 19767242 bp, respectively. However, it should be noted that 
these values are not absolute. The Recombination Distance value depends on the 
quantity of flies collected in the last cross, which directly affects the accuracy of the 
calculated PMP value. Based on this evidence, we estimate that the approximate 
location of the 7T2 mutation is around 19760000 bp on chromosome three. 
Using meiotic recombination with molecularly mapped P-element insertions, 
we narrowed the region of the mutant to an interval of roughly 500 000 bp (19 635 
619 bp to 20 089 614 bp). In addition, complementation tests using Exelixis 
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deficiencies allowed us to narrow down this region even further to 15 putative genes. 
Two deficiencies, Exel6196 and Exe19014, gave us the most promising results. Both 
of the deficiencies showed the lowest number of flies heterozygous for the 
deficiency and the 7T2 mutation. We expected all flies corresponding to the 
7T2/deficiency genotype to be lethal and thus absent from the progeny fly 
population. Although the obtained results did not meet our expectations, they did 
however shed light on our mapping progress. This partial non-complementation 
between the mutation and the deficiency could be due to the presence of a secondary 
mutation site that lies outside of the deficiency range. The 7T2 mutant was initially 
generated using ethylmethane sulfonate as a mutagen that generally produces point 
mutations on an average of one hit per chromosomal arm (Fly Pushing, R. 
Greenspan). However, the mutagenesis rate depends on the ethylmethane sulfonate 
concentration, raising the possibility that the 7T2 mutant might have more than one 
mutation site. 
Interestingly, Exel6196 and Exe19014 overlap in the region between 19 750 
125 bp and 19788277 bp. We therefore hypothesized that the 7T2 mutation is likely 
to lie in this overlapping region enclosing 15 putative genes. The search for the target 
gene was further continued using the only available deficiency in this region, 
Df(3R)06624. 
Df(3R)06624 was generated through imprecise excision of a P-element. Its 
target was initially the TFIIA -S gene, the transcription factor subunit involved in 
Ras-mediated activation of "effector" geneS during Drosophila eye development 
(Zeidler et al., 1996). However, this is not the only gene missing in Df(3R)06624. 
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Due to the imprecise nature of P-element excisions, the left breakpoint of this 
deficiency was unknown. Here, we were able to show that this deficiency extends 
approximately from 19 685876 bp to 19 716778 bp. Combining two different 
approaches, complementation tests and PCR, we found that Df(3R)06624 does not 
delete sba, CG12492 and CG10192. On the other hand, pellino and TFIIA-S are 
deleted in Df(3R)06624. Our results are consistent with previous findings. pellino 
was previously reported to be absent in the Df(3R)06624 (Grosshans et al., 1999), 
however, there is no published evidence supporting this statement. With our 
findings, we were able to confirm that this small deficiency does indeed lie on the 
third right chromosome arm of the Drosophila genome and is lacking the two genes 
mentioned above. 
InterestingIy, a complementation test between the 7T2 mutant and 
Df(3R)06624 revealed the most satisfactory results yet. With the lowest number of 
flies heterozygous for the deficiency and the 7T2 mutation (1.8%) so far, we 
conclude that 7T2 must lie in the region covered by Df(3R)06624. However, the fact 
that sorne of the flies heterozygous for deficiency and mutation survived implies that 
the 7T2 mutant has two mutations, one within and one outside of the deficiency 
range. In this case, it is thus possible that the second mutation site causes the 
phenotype associated with the 7T2 mutant. To explore this possibility we then 
investigated whether Df(3R)06624 exhibits the same germ band retraction phenotype 
as the 7T2 mutant. U sing the germ Hne clone method, we generated clones Iacking 
the maternaI and zygotic contribution of 7T2. We aiso generated clones Iacking the 
7T2 maternaI contribution but whose zygotic contribution was provided from 
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Df(3R)06624 males. In both cases, when the zygotic contribution was provided 
either from the deficiency or the mutant itself, the same phenotype was observed. It 
should be also noted that in both cases nearly the same level of penetrance was 
observed, suggesting that the phenotype exhibited by the 7T2 mutant is indeed 
caused solely by a mutation that lies within Df(3R)06624. 
Although our results thus far revealed that the 7T2 mutation lies within 
Df(3R)06624, we still needed to continue investigating which of the two genes 
missing from this deficiency is our potential candidate gene. According to our 
complementation test results between 7T2 and two independently created mutants of 
TF/lA-S, TF/lA-S does not appear to be our gene of interest. Therefore, based on the 
available evidence we hypothesized that the 7T2 mutation is found in the pellino 
gene. 
We first attempted to prove this by generating a second pellino allele. Our 
intentions were to use this second pli allele in complementation tests with the 7T2 
mutant. If indeed the 7T2 mutation lies within the pellino gene, this new pellino 
allele would not complement the 7T2 mutant. By excising the PliBG02732 P-element 
putatively inserted in the 5'UTR of the pellino locus (Gene Disruption Project 
Members, 2001) we were able to successfully generate a new allele. Eight 
independently created lethal lines were uncovered in this process. However, the 
complementation test between these lines and the 7T2 mutant revealed completely 
unexpected results; these lethal lines complement the 7T2 mutation. A plausible 
interpretation of these results is that the excision event occurred in the opposite 
direction, creating a lethal allele of the adjacent gene (TF/lA-S) instead ofthe pellino 
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allele. To test this hypothesis, two additional complementation tests were carried out 
using available TFIIA-S alleles and Df(3R)06624. Unfortunately, both tests revealed 
that the se newly recovered alleles complement TFIIA-S and Df(3R)06624. Since the 
fragment excised appears to lie in neither pellino, TFlIA-S nor Df(3R)06624, we 
suspect that the excision event took place elsewhere. Therefore, taken all together 
these results suggest that the P-element excised is not located in the region that was 
initially indicated. N evertheless, we succeeded in creating new alleles that are vital 
for fly survival. Although these lines cannot be used for further studies of the 7T2 
mutant, it will be interesting to uncover the identity of the excised fragment. 
The cuticle preparation results revealed that in addition to the U-shaped 
phenotype that the 7T2 mutant was initially selected for, this mutant exhibits two 
other phenotypes: a head defect phenotype and a twisted phenotype. As we 
previously mentioned, the same three distinct categories were seen in Df(3R)06624, 
reinforcing our conclusion that the 7T2 mutation lies in this region. If indeed the 7T2 
mutation lies within the pellino gene, we would be able to explain these pleiotropic 
phenotypes. Since Drosophila Pellino may play a role in dorsoventral patterning 
because of its biochemical interaction with Pelle, one would expect a perturbation of 
Dorsal nuclear localization and hence, transcriptional activation of twist and snail. 
Consequently, these embryos would exhibit the twisted phenotype, as se en in the 
7T2 mutant (Nusslein-Volhard et al., 1984). Alternatively, if Drosophila Pellino is 
interacting with members ofthe JNK pathway, as was shown for its human homolog 
Pellino 3, one could explain the germ band retraction defect, because strong JNK 
pathway mutants exhibit a germ band retraction defect (Bellotto et al., 2002). It was 
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also recently shown that the JNK pathway regulates integrin levels in the 
amnioserosa (Homsy et al., 2006). Therefore, defects in JNK signaling could cause 
U -shaped phenotypes. 
Furthermore, it should be noted that the pellino gene starts at 19 685 876 bp 
and ends at 19 715 797 bp in the Drosophila genome. The originally calculated 
projected molecular position of the 7T2 mutant was found to be around 19 760 000 
bp, which lies in close proximity to pellino. Therefore, mapping the 7T2 mutation 
using molecularly defined P-elements revealed satisfying results proving once more 
the efficacy of the technique itself. 
4.2 Characterization of the 7T2 mutant 
Several lines of evidence suggest that 7T2 is a loss of function (LOF) allele 
of pellino. Although the sequencing results revealed no mutation site, our results 
indicate that pellino mRNA, along with the Pellino prote in, are missing in 7T2 
mutant tissue. We were able to successfully amplify and sequence all exons. When 
the sequence of the pellino mutant was compared to that of the wild type sequenced 
in parallel, no mutations were detected. It remains thus possible that the mutation we 
seek is located in the intronic region of pellino. Also, considering that the vast 
majority of the sequences of the mutant pellino exons and their immediate flanking 
regions did not reveal any mutations, another possibility is that the mutation lies in 
the pellino enhancer region. 
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Data obtained from Western blot analysis suggests that the Pellino protein is 
absent in the mutant tissue. The 47 kDa band corresponding to Pellino is present only 
in wild type tissue. Conversely, the same band appears to be missing from not only 
the tissue homozygous for the 7T2 mutation but also from the tissue homozygous for 
Df(3R)06624. As we previously showed, Df(3R)06624 lacks the entire pellino gene. 
Thus, absence of the 47 kDa fragment in the deficiency reinforces our conclusion 
that Pellino is not present in the 7T2 mutation. Two additional bands of 
approximately 60 and 75 kDa were observed in an tissues suggesting that the anti-
Pellino polyclonal antibody displays unspecific binding. These bands however serve 
as a loading control indicating the amount of the protein loaded in each lane. The 
undetected Pellino band is thus not due to the under-Ioading of the protein, but rather 
due to the absence of Pellino prote in in the 7T2 tissue. 
RT-PCR results revealed that the pellino mRNA is absent in the 7T2 mutant. 
Both primer pairs, one amplifying the 5' end and another amplifying the 3' end of 
pellino cDNA, showed no band in the mutant tissue. In contrast, the band 
corresponding to the correct pellino size was observed in the wild type tissue. These 
results, along with the Western blot analysis, suggest that the undetected 7T2 
mutation is likely to be buried in the enhancer region of the pellino gene. Thus, there 
is growing evidence that the 7T2 mutation severely affects the pellino gene. Not only 
does the function of Pellino appear to be abolished, but furthermore we present data 
here indicating that both transcription and translation of pellino is affected. It would 
be interesting to expand the sequencing and see if the 7T2 mutation site can be 
detected in the regulatory regions of pellino. 
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Although our results suggest that the mutation is likely to be found in the 
regulatory regions, other possibilities should not be excluded. For instance, another 
hypothesis is that the mutation is buried somewhere in the intron region. Such a 
possibility could affect pre-mRNA splicing. Consequently, we would suspect that the 
pellino mRNA transcript is smaller and furthermore unstable. If interpreted 
differently, our results could also support this hypothetical scenario. The RT-PCR 
amplification of the 5'endpellino in the mutant tissue yielded a smear ofthree bands 
of various sizes. Although those fragments appear to be very faint, one of them does 
seem to correspond to 475 bp and can thus be considered as a PCR product of 
pellino. The possible interpretation of these results would then be that the S'end of 
the pellino mRNA is still present in the mutant tissue. Since our data clearly indicate 
that the 3' end of pellino mRNA is missing in the mutant, a plausible scenario is that 
the 7T2 mutation disrupts splicing. As a result, only an unstable mRNA transcript of 
small size is found in the mutant tissue and as such is rapidly degraded, not allowing 
protein translation. Alternatively, this small mRNA template may be translated into a 
smaller prote in, which due to its truncated nature might fold improperly and 
therefore be targeted for degradation in the mutant tissue. 
Whether the 7T2 mutation is found in the regulatory region of the pellino 
gene and therefore inhibits pellino mRNA translation or is buried in the intron region 
and therefore allows the production of a smaller mRNA still remains unclear. Further 
experiments are required to resolve this dilemma. The RT-PCR approach with more 
specific primers could allow us to determine the exact length of this small mRNA 
fragment, if indeed present in the mutant tissue. In this manner, the approximate 
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location of the 7T2 mutation could be assessed. Sequencing of the pellino regulatory 
region and the pellino introns would be necessary to validate one of these two 
suggested hypotheses. 
Although the RT-PCR and Western blot results suggest that the 7T2 mutation 
is a loss of function allele of pellino, this statement should be further explored. The 
rescuing experiment would provide us with crucial evidence that would support our 
CUITent hypothesis that the 7T2 mutant lies within the pellino gene. We were 
successfully capable of generating seven independent recombinants carrying a U AS-
Pellino and the 7T2 mutant (data not shown). The next step is to introduce the Gal4 
driver line in those recombinants and therefore initiate expression of pellino in the 
7T2 mutant. Once expression is triggered, one can investigate whether or not the 7T2 
phenotype is rescued. This would provide us with the necessary evidence to confirm 
our current conclusion. 
4.3 The role of Pellino in different pathways 
Our data suggests that Drosophila pellino might be involved in more than 
one pathway. As we previously discussed, pleiotropic phenotypes are observed in the 
7T2 mutant. The loss of function alle1e of pellino exhibits head defects, twisted 
embryos and embryos exhibiting the germ band retraction failure phenotype. This 
indicates that pellino might be not only involved in Toll pathway, but also in the 
JNK signaling pathway. This hypothesis is consistent with previous findings. Recent 
work with Pellino homologues in humans provides compelling evidence that Pellino 
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1-3 are scaffolding proteins actively involved ln the JNK and IL-1 signaling 
pathway. 
To this end, RNAi and overexpression experiments revealed that the human 
homolog Pellino-1 is involved in IL-l induced NFkB activation (Jiang et al., 2003), 
but not in activation of the JNK pathway (Jensen and Whitehead, 2003). 
Furthermore, reporter gene assays suggest that Pellino-2 plays a role in NFKB and 
AP-l activation (Yu et al., 2002; Jensen and Whitehead, 2003). Although these 
results failed to be reproduced (Strelow et al., 2003), it was recently shown that a 
third human homolog, Pellino-3, is capable of inducing the activation of c-Jun. 
Pellino-3 thus appears to play an important role in JNK pathway activation. 
However, it was shown that it has no effect on NFKB activation. In conclusion, taken 
all together, these results indicate that human homologues Pellino 1, 2, or 3 play 
roles either in the JNK or IL1-NFKB signaling pathways. However, the role of 
Drosophila Pellino in these pathways has never been established. We thus proceeded 
to investigate the biological significance of Drosophila Pellino. 
If the JNK pathway regulates integrin levels in the amnioserosa (Homsy et 
al., 2006), defects in the JNK signaling cascade could cause the U-shaped 
phenotype. Therefore, the U-shaped phenotype exhibited by the pellino mutant could 
be due to the affected integrin levels as a result of JNK pathway failure. We thus 
hypothesized that Pellino stimulates the JNK pathway, which results in increased 
expression of integrins. In this case, ectopicallY induced expression of Pellino would 
be able to stimulate integrin expression. Unfortunately, such an outcome was not 
observed in the Pellino overexpression experiment. According to our results, ectopic 
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expression of Pellino has no impact on integrin levels. Consistent with previous 
findings, integrins were found to localize at muscle atlachment sites at a much later 
stage of development (Bogaert et al., 1987), suggesting that integrin expression is 
independent of pellino expression. We were thus unable to establish a connection 
between mys and pellino. 
Although the pellino loss of function allele 7T2 exhibits the U-shaped 
phenotype, no genetic interaction between mys and pellino was detected. It has been 
established that mutants that genetically interact with the hypomorphic viable ~PS 
integrin allele (mysnj42) exhibit a high frequency of wing blisters (Wilcox et al., 
1989). However, no wing blisters were observed in the double mutant flies carrying 
the 7T2 mutation and my~j42. Despite the fact that these results seem to indicate that 
pellino and mys do not genetically interact, this possibility should not be completely 
rejected. Previous findings report that the hypomorphic allele mysnj42 in combination 
with other strong alleles also displays distorted crossveins (Wilcox et al., 1989). It 
should be noted that we never explored the possibility that the 7T2 my~j42 double 
mutants might show abnormal venation. Therefore, although we were not able to 
prove that pellino plays a role in integrin-mediated signaling, it does not exclude the 
possibility that pellino affects integrin expression. To test this, the genetic interaction 
experiment could be repeated, examining the vein defect phenotype rather than wing 
blisters. Alternatively, the mysnJ42 allele is too weak to display a genetic interaction 
with 7T2. 
The possibility that pellino plays a role in the JNK pathway was first 
suggested by the observation that the pellino Ioss-of-function allele exhibits a failure 
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of germ band retraction. The preliminary results indicating a genetic interaction 
between the 7T2 mutant and a hypomorphic hep allele reinforced this conclusion. 
Hemipterous is found to be upstream in the JNK signaling pathway. This kinase is 
responsible for phosphorylating Basket (JNK) , which in turns activates Jun, 
transcription factor downstream of JNK (Glise et al., 1997; Sluss et al., 1997). 
Since the 7T2 mutant interacts with hep that is found to be upstream of 
basket, one would expect to see an effect of Pellino overexpression on JNK 
phosphorylation. Two different approaches were used to prove this hypothesis. First, 
immunofluorescence staining of phosphorylated Basket was examined in embryos 
with ectopically expressed Pellino. Another approach consisted of investigating 
Basket (JNK) activation when pellino is absent, expressed at its normallevels, and 
when Pellino is overexpressed, using Western blot analysis. However, both 
approaches revealed inconc1usive results. We were unable to detect any significant 
increase in Basket (JNK) phosphorylation in embryos with overexpressed Pellino. 
Due to the weak signal observed with antibodies used for detection of the active and 
inactive form of Basket, we conc1ude that these antibodies might not be suited for 
immunofluorescence experiments. On the other hand, Western blot analysis showed 
no notable increase or decrease in JNK phosphorylation among the samples, either. 
Although equal amounts of prote in appear to be loaded for the 7T2 mutant and 
overexpressed Pellino, no difference in JNK levels was detected between these 
samples. 
Conversely, although the lowest protein concentration was found to be in the 
Df(3R)06624 sample, this sample has the same levels of phosphorylated and 
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unphosphorylated JNK as the other samples. Due to an inconsistency in prote in 
levels, the band intensities across the samples cannot be compared. Although genetic 
data indicate that pellino interacts with the upstream member of JNK signaling 
pathway, hemipterous, we were unable to prove that pellino has any affect on 
phosphorylation of JNK itself. Our western blot analysis failed to show any 
correlation between the levels of JNK phosphorylation and Pellino expression. It is 
probable that the assay used here was not suitable as a reference method for precise 
detection of the phosphorylation levels in the protein. Further experiments are 
required to determine whether interaction of Pellino with Hemipterous is indeed 
necessary for JNK (Basket) phosphorylation. This discrepancy can be resolved by 
using cell culture and loss of function RNAi assays. It would be interesting not only 
to assess the biological impact of pellino on JNK, but also to see if other members of 
this pathway are affected by either Pellino' s absence or its overexpression. 
Although it has already been established that Pellino is a binding partner of 
Pelle (Grosshans et al., 1999), pellino's biological impact on dorsal-ventral axis 
formation in Drosophila has not been thoroughly investigated. Our observation that 
the 7T2 pellino loss of function allele exhibits a twisted phenotype led us to 
hypothesize that pellino's function may be critical for dissociation of the Dorsal-
Cactus complex. If pellino does indeed play such a role, then in its absence, Dorsal' s 
translocation to the nucleus would have been affected causing the failure of 
transcription of Dorsal downstream targets such as snail and twist. As a result, one 
would expect to see decreased or complete loss of Twist expression in the Pellino 
mutant. Our immunofluorescence staining results however revealed an increase in 
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Twist expreSSIOn. Although these results do not support our hypothesis, they 
implicate Pellino as a negative regulator of the Toll pathway. This possibility is 
further reinforced by recent findings in mammalian cells, where Pellino proteins may 
act as ubiquitin ligases that ubiquinate IRAK, which is required for the proteasomal 
degradation of IRAK (Schauvliege et al., 2006). Thus, it is plausible that Drosophila 
Pellino has a similar role in ubiquinating Pelle and causing its degradation. In this 
case, in the absence of Pellino, Pelle would not be ubiquinated nor targeted for 
degradation. Consequently, disassembly of the Dorsal-Cactus complex would occur 
more frequently. Since it has been shown that transcription of twist is concentration 
dependent (Jiang and Levine, 1993), higher concentrations of Dorsal would have 
resulted in increased Twist expression. 
Despite the fact that Twist immunofluorescence staining data suggested that 
Pellino may be a negative regulator of the Toll pathway, it should be noted that these 
preliminary results must be repeated using more specifie conditions. In order to 
compare the Twist levels between the wild type and the mutant, all embryos selected 
for immunofluorescence staining should be at the same developing stage. However, 
our cuticle preparation data indicate that the 7T2 mutant does not exhibit a very 
strong defect in the Toll mediated pathway, and so only a partial Twist staining 
defect is expected in the mutant. Therefore, it is important to carefully distinguish the 
embryos heterozygous for the 7T2 mutation from those that are homozygous for the 
7T2 mutation. This could be achieved using a balancer containing fushi tarazu 
promoter fused to LacZ. fushi tarazu is a pair rule gene, activated in very early stage 
of Drosophila development (Brown et al., 1991). The 7T2 heterozygous embryos 
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would be then marked by the premature Beta Galactosidase expression and easily 
distinguished. Conducting the double staining with more specific conditions would 
allow us to confirm whether the Twist overexpression is indeed the phenotype 
associated with the pellino loss of function. These experiments would in turn allow 
us to establish the biological relevance of Pellino in dorsal-ventral axis formation 
during Drosophila development. 
Summary 
We have mapped the 7T2 mutation to the pellino gene. Although the 
mutation site has not been detected in the sequencing analysis, we have found that 
pellino mRNA and Pellino prote in are absent from the mutant tissue, leading us to 
conclude that the 7T2 mutant is the loss of function allele of pellino. 
The 7T2 mutant was found to display three distinct phenotypes: germ band 
retraction phenotype, twisted and head defect phenotype. These phenotypes suggest 
that the 7T2 mutation might be affecting the Toll and JNK pathway. As such, our 
results support the notion that pellino might be involved in several biological 
processes during Drosophila development. 
Although the 7T2 mutant appears to exhibit the U-shaped phenotype, no 
genetic interaction was found between pellino and integrins. However, the U-shaped 
phenotype is often observed as a consequence of abnormalities within the JNK 
pathway. We have reported here that pellino genetically interacts with hemipterous, 
which places pellino upstream in the JNK pathway. 
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While pellino appears to be involved in the JNK pathway, overexpression 
and the absence of Pellino did not show any effect on Jun kinase phosphorylation. It 
still remains a possibility that pellino affects the JNK pathway without having a 
direct impact on Jun kinase. 
Furthermore, pellino appears to play an important role in the establishment of 
the dorsal-ventral polarity during Drosophila development. In addition to the twisted 
phenotype, we have found that Twist expression is enhanced in the pellino loss of 
function allele. 
Taken together, these results seem to suggest that pellino's function is 
necessary for proper development in the Drosophila embryo. Not only does the loss 
of pellino result in embryos that are incapable of reaching the adult stage, but these 
mutant embryos also display a variety of pleiotropic phenotypes suggesting that 
pellino is involved in several biological processes. We hypothesize that Pellino is a 
putative member of the JNK pathway and that it acts as a negative regulator of the 
Toll pathway. However, its biochemical function and its role in these processes still 
remain to be investigated. 
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